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PREFACE 


This handbook is intended for the use of archi- 
tects, draftsmen, and other persons who are inter- 
ested in the building trades, especially masonry, 
carpentry, structural design, and roofing. In the 
first part of the book is given a brief, but compre- 
hensive, treatment of elementary mathematics and 
geometrical drawing. This is followed by a section 
on structural design, which includes dead and live 
loads, strength of materials, properties of sections, 
design of beams and columns of steel and wood, 
and analysis of stresses in roof trusses. 


The next section of the book deals with masonry 
construction and describes the essential features of 
concrete, stone masonry, brick masonry, architec- 
tural terra cotta, and hollow tile construction. The 
principles of reinforced-concrete design are then 
discussed, and this discussion is followed by a 
description of details of buildings, including foun- 
dations, fireproofing, arches, and chimneys and 
fireplaces. 

The remainder of the book is devoted to the work 
of the plasterer, ‘the carpenter, and the roofer. 
For each trade, there is presented a discussion of 
the materials used and the methods employed in 
preparing and placing the materials. In the 
section on Carpentry and Millwork are described 
several types of framing for buildings, details of 
window construction, and both outside and inside 
finish.. The book also contains a section on the 
steel square and a section on estimating. 

This handbook has been prepared by technical 
writers on the staff of the International Correspon- 
dence Schools. 


Pe tle Eee 


THE 
BUILDING TRADES 
HANDBOOK 


MATHEMATICS 


SIGNS USED IN CALCULATION 


+Plus, indicates addition; thus, 10+5 is 15. 

— Minus, indicates subtraction; thus, 10—5 is 5. 

< Multiplied by, indicates multiplication; thus, 105 is 50. 

+ Divided by, indicates division; thus, 10+5 is 2. 

= Equal to, indicates equality; thus, 12 in.=1 ft. 

Parentheses (), brackets [ ],and braces { , have the same 
meaning, and signify that the operations indicated within them 
are to be performed first. If more than one is used, that indi- 
cated in the inner one is to be effected first. Thus, in the ex- 
pression 5(7—2), the subtraction is to be made before mul- 


1 c 
tiplying by 5. Again, in the expression 5 [e+ (o-£) | , the 


subtraction indicated within the parentheses is made first; 
the remainder is added to a, and one-half the sum found. 

The vinculum is used for the same purpose as paren- 
theses, but chiefly in connection with the sign ~; thus, V 4 

The decimal point . is placed in a number containing deci- 
mals, to fix the value of the number; thus, 12.5 is 12 and ¥,; 
1.25 is 1 and #§; etc. 

The exponent is a small figure placed to the right and a little 
above a number,—it means the number is to be raised to the 
power indicated by the small figure; thus, 8°=8*8=64. 
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The rudical sign V, means that some root of the expres- 
sion under it is to be found. The vinculum is generallly used 
in connection with this sign and extends over the number 
affected by the radical sign. If used without a small index 
figure, it means square root; thus, V64=8. Noy means 
that the cube root or the fourth root is to be found, the index 
figure indicating the root; thus, ¥27=3. 

The signs : :: : indicate proportion; thus, 3:4::6:8 is 
read 3 is to4 as 6isto8. Instead of the : : sign, the equality 
sign = is often substituted; thus, 3:4=6: 8. 

The signs ° ’ ’” mean degrees, minutes, and seconds; as 
60° 15’ 15’’, which is read 60 degrees, 15 minutes, 15 seconds. 

The signs ’ ’ also mean feet and inches; thus, 7’ 6” is read 
7 feel 6 inches. 

The symboi m (read pz) means the ratio of the circumference 
of a circle to the diameter and =3.1416. 

The symbol & (read sigma) means summation; thus, 3(a+)) 
means that there are several values for both @ and b, and that 
the sum of all is to be found. 


FRACTIONS 
COMMON FRACTIONS 


The numerator of a fraction is the number above the bar; 
and the denominator is the number beneath it; thus, in the 
fraction 3, 3 is the numerator and 4 is the denominator. Two 
or more fractions having the same denominator are said to 
have a common denominator. 

By reducing fractions toa common denominaior is meant find- 
ing such a denominator as will contain each of the given 
denominators without a remainder, and-multipiying each 
numerator by the number of times its denominator is con- 
tained in the common denominator. ‘i:nus, the fractions }, 
%, and x have, as a common denominator, 16; then += fs; 4 
=18; t=y6- 

By reducing a fraction to its lowest terms is meant dividing 
both numerator and denominator by the greatest number that 
each will contain without a remainder; for example, in #4, the 
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greatest number that will thus divide 14 and 16 is 2; so that 
14+ 2 2 


16+ 2 2 

A mixed number is one consisting of a whole number and a 
fraction, as 73. 

An improper fraction is one in which the numerator is equal 
to, or greater than, the denominator, as 3%. This is reduced 
to a mixed number by dividing 17 by 8, giving 24. If the 
numerator is less than the denominator, the fraction is termed 
proper. A mixed number is reduced to a fraction by mul- 
tiplying the whole number by the denominator, adding the 
numerator, and placing the sum over the denominator; thus, 


ost gS paliee 
8 8 8 


Addition of Fractions or Mixed Numbers.—TIf fractions only 
are to be added, reduce them to a common denominator, and 
place the sum of the numerators over the common denomi- 
nator. If mixed numbers are to be added, add the sum of 
the fractions to that of the whole numbers; thus, 17+2% 
=(1+42)+ ($18) =43. 

Subtraction of Fractions or Mixed Numbers.—lIf there are 
fractions only, reduce them to a common denominator, take less 


1459 


from greater, and reduce result; as, } in.—yin.= hag =; in. 


If there are mixed numbers, subtract fractions and whole 
numbers separately, placing remainders beside one another; 
thus, 3} in.—2% in.=(8—2)+(4—%) =1§ in. With fractions 
like the following, proceed as indicated: 37 in.—1}} in. 

deat COD 238—1ig= 148=1§5 in.; 7 in.—4% in. 
=(6+4) —45=2¢ in. 

operas of Fractions.—Multiply the numerators 
together, and likewise tee denominators, and divide the for- 

it 3. on 1X3X5_ 15, 
mer by the latter; thus, — in.x- in.X-in.= cu. in. 
2 4 8 2x4xX8 ~ 64 

If mixed numbers are to be multiplied, reduce to fractions, 
and proceed as shown; thus, 14in. X3tin.=3X#=5f =4isq.in. 

Division of Fractions.—Invert the -divisor (exchange places 
of numerator and denominator) and multiply the dividend by 


=, which is +¢ reduced to the lowest terms. 


4 MATHEMATICS 


it, reducing the result, if necessary; thus, 37+3=44=3$=% 
=13. If there are mixed numbers, reduce them to fractions, 
and divide as shown; thus, 1§+31=48+42, or 2X =e =}. 


DECIMAL FRACTIONS 


In decimals, whole numbers are divided into tenths, hun- 
dredths, etc.; thus, ys is written .1; .08 is read 185, the value of 
the number being indicated by the position of the decimal 
point; that is, one figure after the decimal point is read as 
so many tenths; two figures as so many hundredths; etc. 
Moving the decimal point to the right multiplies the number 
by 10 for every place the point is moved; moving it to the 
left divides the number by 10 for every place the point is 
moved. Thus, in 125.78 (read 125 and #), if the decimal 
point is moved one place to the right, the result is 1,257.8, 
which is 10 times the first number; or, if the point is moved to 
the left one place, the result is 12.578 which is 75 the first num- 
ber, moving the point being equivalent to dividing 125.78 by 10. 

Annexing a cipher to the right of a decimal does not change 
its value; but each cipher inserted between the decimal point 
and the decimal divides the decimal by 10; thus, in 125.078, 


the decimal part is zx of .78. 101.257 

Addition of Decimals.—Place the numbers so 12.965 
that the decimal points are in a vertial line, and 43.005 
add in the ordinary way, placing the decimal 920.600 
point of the sum under the other points. 1,077.827 

Subtraction of Decimals.—Place the number to 917.678 
be subtracted with its decimal point under that 482.710 
of the other number, and subtract. 434.968 


Multiplication of Decimals.—Multiply in the ordinary way, 
and point off from the right of the result as many figures as there 
are figures to the right of the decimal points in 


both numbers multiplied. Thus, as there are at 
three figures to the right of the points, point off eee 
that many in the result. If either number con- 2172 
tains no decimal, point off as many places in the 8688 

product as there are decimal places in the other — 6516 


number. 740.652 
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If a result has not as many figures as the sum of the deci- 
‘mal places in the numbers multiplied, enough ciphers must 
pe prefixed to the figures to make up the required number 
of places, and the decimal point placed before the ciphers. 
Thus, in .002X.002, the product of 2X2=4; but there are 
three places in each number; hence, the product must have 
six places, and five ciphers must be prefixed to the 4, which 
gives .000004. 

Division of Decimals.—Divide in the usual way. If the divi- 
dend has more decimal places than the divisor, point off, from 
the right of the quotient, the number of places in excess. If 
it has less than the divisor, annex as many ciphers to the 
decimal as are necessary to give the dividend as many places 
as there are in the divisor; the quotient will then have no 


s | 25.75 82.5 82.50 
Aecimal places. For example, ——=10.3; ——= 
2.5 276) 2:75 


Vea, 
=30; —=3. 
2.5 
To carry a division to any number of decimal places, annex 
ciphers to the dividend, and divide, until the desired num- 
ber of figures in the quotient is reached, which are pointed off 
as just shown. Thus, 36.5+18.1 to three decimal places 


36.5000 
= =2.016+. (The sign + thus placed after a num- 


18.1 
ber indicates that the exact result would be more than the one 
given if the division were carried further.) 

Reducing a Decimal to a Common Fraction.—Use the sig- 
nificant figure, or figures, of the decimal as the numerator; and 
for the denominator put 1 with as many ciphers as there are 
figures to the right of the decimal point. For example, 
.075 has three figures to the right of the point; hence, 


75 3 
075 ft.=—— =— 
1,000 40 


Reducing a Common Fraction to a Decimal.—Divide the 
numerator by the denominator, and point off as many places 
_as there have been ciphers annexed; thus, 3 in. =3.0000+16 
=.1875 in. 
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INVOLUTION 


Involution is the process of multiplying a number by itself 
one or more times, the product obtained being called a cer- 
tain power of the number. 

If the number is multiplied by itself, the result is called the 
square of the number; thus, 9 is the square of 3, since 3X3=9. 

If the square of a number is multiplied by the number, the 
result is called the cube of the number; thus, 27 is the cube 
of 3, since 3X3 X3=27. 

The power to which a number is to be raised is indicated by a 
small figure, called an exponent, placed to the right and a little 
above the number; thus, 72 means that 7 is to be squared; 
278 means that 27 is to be cubed, etc. 

The operations of involution present no difficulty, as nothing: 
but multiplication is involved, the number of times the num-~ 
ber is to be taken as a factor being shown by the exponent. 
If the number is a fraction, raise both numerator and denomi- 
nator to the power indicated. 

A valuable little rule to memorize for finding the square of 
a mixed number in which the fraction is 3, as 33, 103, etc., is 
as follows: 

Rule.—Mulliply the next less whole number by the next greater, 
and add }. 

For example, the square of 64 is 6 (the next less number) X7 
(the next greater)-+4=424; (194)?=19X20+4=38804; (84)? 
=8X9+4=723, etc. 


EVOLUTION 


Evolution is the reverse of involution and is the process 
of finding one of the equal factors of a number, termed a rool, 
which, multiplied by itself a certain number of times, will give 
a product equai to the given number. When the number is 
to be resolved into two equal factors, either one is called the 
square voolt; when there are to be three equal factors, each one 
is called the cube root; etc. 

‘The operations to be performed are indicated by the radical 
sign Vand virctlum _, and by an index figure; for squa- 
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root, the index figure is omitted. For example, V64 is read the 
square root of 64, which is 8, as 8X8=64; N64 means cube 
toot of 64, which is 4,as4X4x4=64. 

A number is said to be a perfect square, or a perfect cube, etc. 
when the root consists only of a whole number; thus, 64 is a 
_ perfect cube, because the cube root is 4, without any decimal. 


TABLE OF POWERS, ROOTS, AND 
RECIPROCALS 


SIGNIFICANT FIGURES 

By means of the following table the square, cube, square 
root, cube root, and reciprocal of any number may be obtained 
correct always to five significant figures, and in the majority 
of cases correct to six significant figures. 

In any number, the figures beginning with the first digit* 
at the left and ending with the last digit at the right, are called 
the significant figures of the number. Thus, the number 
405,800 has the four significant figures 4, 0, 5, 8; and the num- 
ber .000090067 has the five significant figures 9, 0, 0, 6, and 7. 

The part of a number consisting of its significant figures 
is called the significant part of the number. Thus, in the num- 
ber 28,070, the significant part is 2807; in the number .00812, 
the significant part is 812; and in the number 170.3, the sig- 
nificant part is 1703. 

In speaking of the significant figures or of the significant 
part of a number, the figures are considered, in their proper 
order, from the first digit at the left to the last digit at the 
right, but no attention is paid to the position of the decimal 
point. Hence, all numbers that differ only in the position of 
the decimal point have the same significant part. For exam- 
ple, .002103, 21.03, 21.030, and 210,300 have the same sig- 
nificant figures 2, 1, 0, and 3, and the same significant part 2103. 

The integral part of a number is the part to the left of the 
~ decimal point. 

It will be more convenient to explain first how to use the 
table fo. nding square and cube roots. 


*A cipher is not a digit. 
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SQUARE ROOT 

To obtain the square root of a number, first point off the 
given number into periods of two figures each, beginning with 
the decimal point and proceeding to the left and right; for 
example, 12703, 1/27’03; 12.703, 12.70’30; 220000, 22/00/00; 
.000442, .00’04’42. Then, having pointed off the number, 
move the decimal point so that it will fall between the first 
and second periods of the significant part of the number. In 
the preceding numbers, the decimal point will be placed thus: 
1.2703, 12.703, 22, 4.42. 

If the number has three or less significant figures, find the 
significant part of the number in the column headed n; 
the square root will be found in the column headed Vy or 

10, according to whether the part to the left of the decimal 
point contains one figure or two figures. Thus, V4.42=2.1024, 
and ¥22=~V10 2.20 =4.6904. The decimal point is located 
in all cases by reference to the original number after pointing 
off into periods. 

Rule.—There will be as many figures in the root preceding the 
decimal point as there are periods preceding the decimal point in 
the given number; if the number is entirely decimal, the root ts 
entirely decimal, and there will be as many ciphers following the 
decimal point in the root as there are cipher periods following 
the decimal point in the given number. 

Applying this rule, ¥220000 = 469.04 and V.900442 = .021024. 

The operation when the given number has more than three 
significant figures is best explained by an example. 

EXaMpPLe.—(a) 3.1416=? (b) V2342.9=? 

SoLuTion.—(a) As the first period contains but one figure, 
there is no need of moving the decimal point. In the column 
headed ?, find two consecutive numbers, one a little greater 
and the other a little less than the given number; in the pres- 
ent case, 3.1684=1.78? and 3.1329=1.772. The first three 
figures of the root are therefore 177. Find the difference 
between the two numbers between which the given number 
falls, and the difference between the smaller number and the 
given number; divide the second difference by the first differ- 
ence, carrying the quotient to three decimal places and increas- 
ing the second figure by 1 if the third is 5 or a greater digit. 
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The two figures of the quotient thus determined will be the 
fourth and fifth figures of the root. In the present example, 
dropping decimal points in the remainders, 3.1684—3.1329 
=355, the first difference; 3.1416—3.1329=87, the second 
difference; 87 +355=.245+, or .25, Hence, V3.1416 =1.7725. 

(b) ~2342.9=? Pointing off into periods gives 23/42.90; 
moving the decimal point gives 23.4290; the first three figures. 
of the root are 484; the first difference is 23.5225 — 23.4256 = 969; 
the second difference is 23.4290 — 23.4256 = 34; 34 +969 =.035+, 
or .04. Hence, V2342.9 =48.404. 


CUBE ROOT 

The cube root of a number is found in a manner similar to 
that used for finding the square root. The difference being that 
the given number is pointed off into periods of three figures 
each; for example, 3141.6, 3’141.600; 67296428, 67’296’428; 
601426:314, 601’426.314; .0000000217, .000’000’021’700. Then, 
having pointed off, move the decimal point so that it will 
fall between the first and second periods of the significant 
part of tne number, as in square root. In the foregoing num- 
bers the decimal point will be placed thus: 3.1416, 67.296428, 
601.426314, and 21.7. 

If the given number has three or less significant figures, 
find the significant part of the number in the column headed n; 
the cube root will be found in the column headed Vn, Vi0n, 
or 100, according to whether one, two, or three figures 
precede the decimal point after it has been moved. Thus, the 
cube root of 21.7 will be found opposite 2.17, in column 
headed 10 ; the cube root of 2.17 will be found in the column 
headed Vy; and the cube root of 217, in the column headed 
100 n, all on the same line. If the given number contains. 
more than three significant figures, proceed exactly as described 
for square root except that the column headed x? is used. 

ExampLe.—(a) ¥.0000062417=? (6) 450932676 =? 

SoLuTIon.—(a) Pointing off into periods, gives .000/006’- 
241/700; moving the decimal point, gives 6.2417. The number 
falls between 6.22950=1.843 and 6.33163=1.85%; the first 
difference= 10213; the second difference is 6.24170—6.22950- 
=1220: 1220+10213=.119+, or .12, the fourth and fifth 
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dgures of the root. The decimal poirt is located by the rule 
previously given; hence, ¥.0000062417 = .018412. 

(b) ~50932676=? As the number contains more than 
six significant figures, reduce it to six significant figures by 
replacing all after the sixth figure with ciphers, increasing the 
sixth figure by 1 when the seventh is 5 or a greater digit. In 
other words, the first five figures of 450932700 and of 
450932676 are the same. Pointing off into periods, gives 
50’932’700; moving the decimal point, gives 50.9327, which 
falls between 50.6530=3.703 and 51.0648=3.718; the first 
difference is 4118; the second difference is 2797; 2797+4118 
=.679+, or .68. The integral part of the root evidently con- 
tains three figures; hence, 150932676 =370.68, correct to five 
figures. 

SQUARES AND CUBES 

If the given number contains three or less significant figures, 
the square or cube is found in the column headed x? or x3, 
opposite the given number in the column headed x. To find 
the square of a given number containing more than three sig- 
nificant figures, place the decimal point between the first and 
second significant figures and find in the column headed Vy 
or 10 2 two consecutive numbers, one of which is a little 
greater and the other a little less than the given number. The 
remainder of the work is very similar to that described for 
extracting roots. 

To locate the decimal point, employ the principle that the 
square of any number contains either twice as many figures as 
the number squared or twice as many less one. If the column 
headed ~Vi0 2 is used, the square will contain twice as many 
figures, while if the column headed ‘Vy is used, the square will 
contain twice as many figures as the number. squared, less 
one. If the number contains an integral part, this principle 
is applied to the integral part only; if the number is wholly 
decimal, there will be twice as many ciphers following the 
decimal point in the square or twice as many plus one, as in 
the number squared, depending on whether Vi0 or Vy 
column is used. For example, 273.42? will contain five figures 
in the integral part; 4516.2? will contain eight figures in the 
integ-*! part, all after the fifth being denoted by ciphers: 
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-00294532 will have five ciphers following the decimal point; 
.052436? will have two ciphers following the decimal point. 

EXAMPLE.—(a) 273.42?=? (6) .0524362=? 

SoLuTION.—(a@) Placing the decimal point between the first 
and second significant figures, the result is 2.7342; this number 
occurs between 2.73313= 7.47 and 2.73496= 7.48 in the 
column headed Vy. The first difference is 2.73496—2.73313 
=183; the second difference is 2.73420—2.73313=107; and 
107 +183 =.584-++, or .58. Hence, 273.42?= 74,758, correct to 
five significant figures. 

(b) Shifting the decimal point -to between the first and 
second significant figures, gives the number 5.2436, -vhick 
falls between 5.23450= V27.4 and 5.24404= 27.5. The first 
difference is 954; the second difference is 910;910 +954 = .953+, 
or .95. Hence, .0524362=.0027495, when carried to five sig- 
nificant figures. : 

A number is cubed in exactly the same manner, using the 
column headed Wy, Vi0 n, or 100 n, according to whether 
the first period of the significant part of the number contains 
one, two, or three figures, respectively. If the number con-, 
tains an integral part, the number of figures in the integral 
part of the cube will be three times as many as in the given 
number if column headed 100 n is used; it will be three times 
as many less 1 if the column headed 10 7 is used; and it will 
be three times as many less 2 if the column headed Vn is used. 
If the given number is wholly decimal the cube will have three 
times, three times plus 1, or three times plus 2, as many ciphers 
following the decimal point as there are ciphers following the 
decimal point in the given number, depending on whether the 
100 n, the V10 n, or the Vz column is used. 

ExAmpLe.—(a) 129.6843=? (b) .764423=? (c) .0324253=? 

SoLuTION.—(a) Placing the decimal point between the 
first and second significant figures, the number 1.29684 is found 
between 1.29664= 4218 and 1.29862=72.19. The first 
difference is 198; the second difference is 20; and 20+198 
=.101+, or .10. Hence, the first five significant figures are 
21810; the number of figures in the integral part of the cube is 
3X%3—2=7; and 129.684%=2,181,000, correct to five sig- 
nificant figures. 
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(6) 7.64420 occurs between 7.64032= 4446 and 7.64603 
= 447. The first difference is 571; the second difference is 
388; and 388+571=.679+, or .68. Hence, the first five sig- 
nificant figures are 44668; the number of ciphers following the 
decimal point is 3X0=0; and .764423=.44668, correct to five 
significant figures. 

(c) 8.2425 falls between 3.24278= 434.1 and 3.23961= 
434.0. The first difference is 317; the second difference is 
289; 289+317=.911+, or .91. Hence, the first five significant 
figures are 34091; the number of ciphers following the decimal 
point is 3X1+1=4; and .0324253 = .000034091, correct to five 
significant figures. 


RECIPROCALS 


The reciprocal of a number is 1 divided by the number. 
By using reciprocals, division is changed into multiplication, 


a 1 
as i ealrR aagco The table gives the reciprocals of all 


numbers, expressed with three significant figures, correct to 
six significant figures. By proceeding in a manner similar to 
that just described for powers and roots, the reciprocal of any 
number, correct to five significant figures, may be obtained. 

The decimal point in the result may be located as follows: 
If the given number has an integral part, the number of ciphers 
following the decimal point in the reciprocal will be one less 
than the number of figures in the integral part of the given. 
number; and if the given number is entirely decimal, the num- 
ber of figures in the integral part of the reciprocal will be one 
greater than the number of ciphers following the decimal point 
in the given number. For example, the reciprocal of 3370 
= .000296736 and of .00348 = 287.356. 

When the number whose reciprocal is desired contains more 
than three significant figures, express the number to six sig- 
nificant figures (adding ciphers, if necessary, to make six 
figures) and find between what two numbers in the column 


headed 5 the significant figures of the given number fall; then 


proceed in a manner similar to that previously described to 
determine the tourth and fifth figures. 


MATHEMATICS 13 
ExaMPL_e.—(a) What is the reciprocal of 379.426? 


1 
©) ———__ =! 
-0004692 


pte ot 
SoLution.—(a) .379426 falls between .378788=—— ae 


i 
-380228 = eS) The first difference is 380228 —378788 = 1440; 


the second difference is 380228 — 379426 = 802; 802+ 1440 
=.556+, or .56. Hence, the first five significant figures are 
26356, and the reciprocal of 379.426 is .0026356, to five sig- 
nificant figures. 


1 Ful 
(6b) .469200 falls between .469484 =—— and .467290 = —_. 
Pe lk 2.14 
The first difference is 2194; the second difference’ is 284' 284 


1 
-++2194=.129+, =13;, EL a SOL. LC Ha 
219. 9+, or ence 0004602 orrect to 


five significant figures. 
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nB vn |~Vion| An | Hon|*00n : 


1.03030 | 1.00499 | 3.17805 | 1.00332 | 2.16159 | 4.65701 | .990099 
1.06121 | 1.00995 | 3.19374 | 1.00662 | 2.16870 | 4.67233 | .980392 
1.09273 | 1.01489 | 3.20936 | 1.00990 | 2.17577 | 4.68755 | .970874 
1.12486 | 1.01980 | 3.22490 | 1.01316 | 2.18278 | 4.70267 | .961539 
1.15763 | 1.02470 | 3.24037 | 1.01640 | 2.18976 | 4.71769 | .952381 


1.19102 | 1.02956 | 3.25576 | 1.01961 | 2.19669 | 4.73262 | .943396 
1.22504 | 1.03441 | 3.27109 | 1.02281 | 2.20358 | 4.74746 | .934579 
1.25971 | 1.03923 | 3.28634 | 1.02599 | 2.21042 | 4.76220 | .925926 
1.29503 | 1.04403 | 3.30151 | 1.02914 | 2.21722 | 4.77686 | .917431 
1.33100 | 1.04881 | 3.31662 | 1.03228 | 2.22398 | 4.79142 | .909091 


1 86763 | 1.05357 | 3.33167 | 1.03540 | 2.23070 | 4.80590 | .900901 
1.40493 | 1.05830 | 3.34664 | 1.03850 | 2.23738 | 4.82028 | .892857 
1.44290 | 1.06301 | 3.36155 | 1.04158 | 2.24402 | 4.83459 | 884956 
1.48154 | 1.06771 | 3.37639 | 1.04464 | 2.25062 | 4.84881 | .877193 
1.52088 | 1.07238 | 3.39116 | 1.04769 | 2.25718 | 4.86294 | .869565 


1.56090 | 1.07703 | 3.40588 | 1.05072 | 2.26370 | 4.87700 | .862069 
1.60161 | 1.08167 | 3.42053 | 1.05373 } 2.27019 | 4.89097 | 854701 
1.64303 | 1.08628 | 3.43511 | 1.05672 | 2.27664 | 4.90487 | 847458 
1.68516 | 1.09087 | 3.44964 | 1.05970 | 2.28305 | 4.91868 | .840336 
1.72800 | 1.09545 | 3.46410 | 1.06266 | 2.28943 | 4.93242 | 833333 


1.77156 | 1.10000 | 3.47851 | 1.06560 | 2.29577 | 4.94609 | 826446 
1.81585 | 1.10454 | 3.49285 | 1.06853 | 2.30208 | 4.95968 | .819672 
1.86087 | 1.10905 | 3.50714 | 1.07144 | 2.30835 | 4.97319 | .813008 
1.90662 | 1.11355 | 3.52136 | 1.07434 | 2.31459 | 4.98663 | .806452 
1.95313 | 1.11803 | 3.53553 | 1.07722 | 2.32080 | 5.00000 | .800000 


2.00088 | 1.12250 | 3.54965 | 1.08008 | 2.32697 | 5.01330 | .793651 
2.04838 | 1.12694 | 3.56371 | 1.08293 | 2.33310 | 5.02653 | .787402 
2.09715 | 1.18187 | 3.57771 | 1.08577 | 2.33921 | 5.03968 | .781250 
2.14669 | 1.13578 | 3.59166 | 1.08859 | 2.34529 | 5.05277 | .775194 
2.19700 | 1.14018 | 3.60555 | 1.09139 | 2.35134 | 5.06580 | .769231 


2.24809 | 1.14455 | 3.61939 | 1.09418 | 2.35735 | 5.07875 | .763359 
2.29997 | 1.14891 | 3.63318 | 1.09696 | 2.36333 | 5.09164 | .757576 
2.25264 | 1.15326 | 3.64692 | 1.09972 | 2.36928 | 5.10447 | .751880 
2.40610 | 1.15758 | 3.66060 | 1.10247 | 2.37521 | 5.11723 | .746269 
2.46038 | 1.16190 | 3.67423 | 1.10521 | 2.38110 | 5.12993 | ,740741 


2.51546 | 1.16619 | 3.68782 | 1.10793 | 2.38696 | 5.14256 | .735294 
2.57135 | 1.17047 | 3.70135 | 1.11064 | 2.39280 | 5.15514 | .729927 
2.62807 | 1.17473 | 3.71484 | 1.11334 | 2.39861 | 5.16765 | .724638 
2.68562 | 1.17898 | 3.72827 | 1.11602 | 2.40439 | 5.18010 | .719425 
2.74400 | 1.18322 | 3.74166 | 1.11869 | 2.41014 | 5.19249 | .714286 


2.80322 | 1.18743 | 3.75500 | 1.12135 | 2.41587 | 5.20483 | .709220 
2.86329 | 1.19164 | 3.76829 | 1.12399 | 2.42156 | 5.21710 | .704225 
2.92421 | 1.19583 | 3.78153 | 1.12662 | 2.42724 | 5.22932 | .699301 
2.98598 | 1.20000 | 3.79473 | 1.12924 | 2.43288 | 5.24148 | .694444 
3.04863 | 1.20416 | 3.80789 | 1.13185 | 2.43850 | 5.25359 | .689655 


3.11214 | 1.20830 | 3.82099 | 1.13445 | 2.44409 | 5.26564 | .684932 
3.17652 | 1.21244 | 3.83406 | 1.13703 | 2.44966 | 5.27763 | .680272 
3.24179 | 1.21655 | 3.84708 | 1.13960 | 2.45520 | 5.28957 | .675676 
3.30795 | 1.22066 | 3.86005 | 1.14216 | 2.46072 | 5.30146 | .671141 
3.37600 | 1.224 7+ | 3.87298 | 1.14471 | 2.46621 | 0.31329 | 666667 
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n 78 Vion| nm | Mon| oon} > 
1.51 3.44295 3.88587 | 1.14725 | 2.47168 | 5.32507 | .662252 
1.52 3.51181 3.89872 | 1.14978 | 2.47713 | 5.33680 | .657895 
1.53 3.58158 3.91152 | 1.15230 | 2.48255 | 5.34848 | .653595 
1,54 3.65226 3.92428 | 1.15480 | 2.48794 | 5.36011 | .649351 
1.55 3.72388 3.93700 | 1.15729 | 2.49332 | 5.37169 | .645161 
1.56 3.79642 3.94968 | 1.15978 | 2.49866 | 5.38321 | .641026 
1,57 3.86989 3.96232 | 1.16225 | 2.50399 | 5.39469 | .636943 
1.58 3.94431 3.97492 | 1.16471 | 2.50930 | 5.40612 | .632911 
1.59 4.01968 3.98748 | 1.16717 | 2.51458 | 5.41750} .628931 
1.60 4.09600 4,00000 | 1.16961 | 2.51984 | 5.42884 | .625000 
1.61 4,17328 4,01248 | 1.17204 | 2.52508 | 5.44012 | .621118 
1.62 4.25153 4.02492 | 1.17446 | 2.53030 | 5.45136 | .617284 
1.63 4,33075 4.03733 | 1.17687 | 2.53549 | 5.46256 | .613497 
1.64 4.41094 _| 4.04969 | 1.17927 | 2.54067 | 5.47370 | .609756 
1.65 4,49213 4,06202 | 1.18167 | 2.54582 | 5.48481 | .606061 
1.66 4.57430 4.07431 | 1.18405 | 2.55095 | 5.49586 | .602410 
1.67 4.65746 4.08656 | 1.18642 | 2.55607 | 5.50688 | .598802 
1.68 4.74163 4.09878 | 1.18878 | 2.56116 | 5.51785 | .595238 
1.69 4.82681 4.11096 } 1.19114 | 2.56623 | 5.52877 | .591716 
1.70 4.91300 4.12311 | 1.19348 | 2.57128 | 5.53966 | .588235 
1.71 5.00021 4.13521 | 1.19582 | 2.57631 | 5.55050 | .684795 
1.72 5.08845 4.14729 | 1.19815 | 2.58133 | 5.56130 | .581395 
1.73 5.17772 4.15933 | 1.20046 | 2.58632 | 5.57205 | .578035 
1.74 5.26802 4.17133 | 1.20277 | 2.59129 | 5.58277 | 574713 
1.75 5.35988 4.18330 | 1.20507 | 2.59625 | 5.59344 | .571429 
1.76 5.45178 4.19524 | 1.20736 | 2.60118 | 5.60408 | .568182 
1.77 5.54523 4.20714 | 1.20964 | 2.60610 | 5.61467 | .564972 
1.78 5.63975 4.21900 | 1.21192 } 2.61100 | 5.62523 | .561798 
1,79 5.78584 4.23084 | 1.21418 | 2.61588 | 5.63574 | .558659 
1.80 5.83200 4.24264 | 1.21644 | 2.62074 | 5.64623 | 555556 
1.81 5.92974 4,25441 | 1.21869 | 2.62558 | 5.65665 | .552486 
1.82 6.02857 4.26615 | 1.22093 | 2.63041 | 5.66705 | .649451 
1.83 6.12849 4.27785 | 1.22316 | 2.63522 | 5.67741 | 546448 
1.84 6.22950 4.28952 | 1.22539 | 2.64001 | 5.68773 | .543478 
1.85 6.33163 4.30116 | 1.22760 | 2.64479 | 5.69802 | .540541 
1.86 6.43486 4.31277 | 1.22981 | 2.64954 | 5.70827 | .537634 
1.87 6.53920 4.32435 | 1.23201 | 2.65428 | 5.71848 | 534759 
1.88 6.64467 4,33590 | 1.23420 | 2.65900 | 5.72865 | .531915 
1.89 6.76127 4.34741 | 1.23639 | 2.66371 | 5.73879 | .629101 
1.90 6.85900 4,35890 | 1.23856 | 2.66840 | 5.74890 | .526316 
1,91 6.96787 4.37035 | 1.24073 | 2.67307 | 5.75897 | .523560 
1.92 7.07789 4.38178 | 1.24289 | 2.67773 | 5.76900 } .520833 
1.93 7.18906 4,39318 | 1.24505 | 2.68237 | 5.77900 | .518135 
1.94 7.30138 4,40454 | 1.24719 | 2.68700 | 5.78896 | 515464 
1.95 7.41488 4,41588 | 1.24933 | 2.69161 | 5.79889 |..512821 
1.96 7.52954 4.42719 | 1.25146 | 2.69620 | 5.80879 | .510204 
1.97 7.645387 4,43847 | 1.25359 | 2.70078 | 5.81865 | .507614 
1.98 7.76239 4.44972 | 1.25571 | 2.70534 | 5.82848 | .505051 
1,99 7.88060 4.46094 | 1.25782 | 2.70989 | 5.83827 | 502513 
2.00 8.00000 4.47214 | 1.25992 | 2.71442 | 5.84804 .500000 
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n2 


4.0401 
4.0804 
4.1209 
4.1616 
4,2025 


4,2436 
4.2849 
4.3264 
4.3681 
4,4100 


4.4521 
4.4944 
4.5369 
4.5796 
4.6225 


4.6656 
4.7089 
4.7524 
4.7961 
4.8400 


4,8841 
4.9284 
4.9729 
5.0176 
5.0625 


5.1076 
5.1529 
5.1984 
5.2441 
5.2900 


5.3361 
5.3824 
5.4289 
5.4756 
6.5225 


5.5696 
5.6169 
5.6644 
5.7121 
5.7600 


5.8081 
5.8564 
5.9049 
5.9536 
6.0025 


6.0516 
6.1009 
6.1504 
6.2001 
6.2500 


ns 
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Nn 


N10 2 


Vn 


V0 n 


Ni007 


8.12060 
8.24241 
8.36543 
8.48966 
8.61513 


8.74182 
8.86974 
8.99891 
9.12933 
9.26100 


9.39303 
9.52813 
9.66360 
9.80034 
9.93838 


10.0777 
10.2183 
10.3602 
10.5035 
10.6480 


10.7939 
10.9410 
11.0896 
11.2394 
11.3906 


11,5432 
11.6971 
11.8524 
12,0090 
12.1670 


12.3264 
12.4872 
12.6493 
12,8129 
12.9779 


13.1443 
13.3121 
13.4813 
13.6519 
13,8240 


13.9975 
14,1725 
14.3489 
14,5268 
14,7061 


14,8869 
15.0692 
15,2530 
15.4382 
15.6250 


1.41774 
1.42127 
1.42478 
1,42829 
1.43178 


1.43527 
1,43875 
1.44222 
1.44568 
1.44914 


1.45258 
1.45602 
1.45945 
1.46287 
1.46629 


1.46969 
1.47309 
1.47648 
1.47986 
1.48324 


1.48661 
1.48997 
1.49332 
1.49666 
1.50000 


1,50333 
1.50665 
1,50997 
1.51327 
1.51658 


1.51987 
1.52315 
1.52643 
1.52971 
1.53297 


1.53623 
1.53948 
1.54272 
1.54596 
1.54919 


1,55242 
1.55563 
1.55885 
1.56205 
1.56525 


1.56844 
1.57162 
1.57480 
1.57797 
1,58114 


4.48330 
4.49444 
4.50555 
4.51664 
4.52769 


4.53872 
4.54973 
4.56070 
4.57165 
4.58258 


4.59347 
4.60435 
4.61519 
4.62601 
4.63681 


4.64758 
4.65833 
4.66905 
4.67974 
4.69042 


4.70106 
4.71169 
4.72229 
4,73286 
4.74342 


4.75395 
4.76445 
4.77493 
4,78539 
4,79583 


4.80625 
4.81664 
4.82701 
4.83735 
4,84768 


4.85798 
4.86826 
4.87852 
4.88876 
4.89898 


4,90918 
4.91935 
4.92950 
4,93964 
4.94975 


4.95984 
4.96991 
4,97996 
4.98999 
5.00000 


1.26202 
1.26411 
1.26619 
1.26827 
1.27033 


1.27240 
1.27445 
1.27650 
1.27854 
1.28058 


1.28261 
1.28463 
1.28665 
1.28866 
1.29066 


1.29266 
1.29465 
1.29664 
1.29862 
1.30059 


1.30256 
1.30452 
1.30648 
1,30843 
1.31037 


1,31231 
1.31424 
1.31617 
1,31809 
1.32001 


1.32192 
1.32382 
1.32572 
1,32761 
1,32950 


1.33139 
1.33326 
1.33514 
1.33700 
1.33887 


1.34072 
1.34257 
1.34442 
1.34626 
1.34810 


1.34993 
1.35176 
1.35358 
1.35540 
1,35721 


2.71893 
2.72343 
2.72792 
2.73239 
2.73685 


2.74129 
2.74572 
2.75014 
2.75454 
2.75893 


2.76330 
2.76766 
2.77200 
2.77633 
2.78065 


2.78495 
2.78924 
2.79352 
2.79779 
2.80204 


2.80628 
2.81051 
2.81472 
2.81892 
2.82311 


2.82728 
2.83145 
2.83560 
2.83974 
2.84387 


2.84798 
2.85209 
2.85618 
2.86026 
2.86433 


2.86838 
2.87243 
2.87646 
2.88049 
2,88450 


2.88850 
2.89249 
2.89647 
2.90044 
2.90439 


2.90834 
2.91227 
2.91620 
2.92011 
2.92402 


5.85777 
5.86746 
5.87713 
5.88677 
5.89637 


5.90594 
5.91548 
5.92499 
5.93447 
5.94392 


595334 
5.96273 
5,97209 
5.98142 
5.99073 


6.00000 
6.00925 
6.01846 
6.02765 
6.03681 


6.04594 
6.05505 
6.06413 
6.07318 
6.08220 


6.09120 
6.10017 
6.10911 
6.11803 
6.12693 


6.13579 
6.14463 
6.15345 
6.16224 
6.17101 


6.17975 
6.18846 
6.19715 
6.20582 
6.21447 


6,22308 
6.23168 
6.24025 
6.24880 
6.25732 


6.26583 
6.27431 
6.28276 
6.29119 
6.29961 


1 


n 


497512 


495050 
492611 
-490196 
487805 


485437 
483092 
480769 
478469 
476191 


473934 
471698 
469484 
467290 
-465116 


| 462963 


460830 
458716 
456621 
454546 


452489, 
450451 
448431 
446429 
444444 


442478 
440529 
438597 
436681 
434783 


432900 
431035 
429185 
427350 
425532 


423729 
421941 
420168 
418410 
416667 


414938 
413228 
411523 
409836 
408168 


406504 
404856 
403226 
401606 
400000 
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15.8133 | 1.58480 | 5,00999 | 1.35902 | 2.92791 | 6.30799 | .398406 
16.0030 | 1.58745 | 5.01996 | 1.36082 | 2.93179 | 6.31636 | .396825 
16.1943 | 1.59060 | 5.02991 | 1.36262 | 2.93567 | 6.32470 | .395257 
16.3871 | 1.59374 | 5.03984 | 1.86441 | 2.93953 | 6.33303 | .393701 
16.5814 | 1.59687 | 5.04975 | 1.36620 | 2.94338 | 6.34133 | .392157 
16.7772 | 1.60000 | 5.05964 | 1.36798 | 2.94723 | 6.34960 | .390625 
16.9746 | 1.60312 | 5.06952 | 1.36976 | 2.95106 | 6.35786 | .389105 
17.1735 | 1.60624 | 5.07937 | 1.87153 | 2.95488 | 6.36610 | .387597 
17.3740 | 1.60935 | 5.08920 | 1.37330 | 2.95869 | 6.37431 | .386100 
17.5760 | 1.61245 | 5.09902 | 1.37507 | 2.96250 | 6.38250 | .384615 
17.7796 | 1.61555 | 5.10882 | 1.37683 | 2.96629 | 6.39068 | .383142 
17.9847 | 1.61864 | 5.11859 | 1.37859 | 2.97007 | 6.39883 | .3881679 
18.1914 | 1.62173 | 5.12835 | 1.38034 | 2.97385 | 6.40696 | .380228 
18.3997 | 1.62481 | 5.13809 | 1.38208 | 2.97761 | 6.41507 | .378788 
18.6096 | 1.62788 | 5.14782 | 1.88388 | 2.98137 | 6.42316 | .377359 
18.8211 | 1.63095 | 5.15752 | 1.88557 | 2.98511 | 6.43123 | .375940 
19,0342 | 1.63401 | 5.16720 | 1.38730 | 2.98885 | 6.43928 | .374532 
19.2488 | 1.63707 | 5.17687 | 1.38903 | 2.99257 | 6.44731 | .373134 
19.4651 | 1.64012 | 5.18652 | 1.39076 | 2.99629 | 6.45531 | .371747 
19,6830 | 1.64317 | 5.19615 | 1.39248 | 3.00000 | 6.46330 | .370370 
19.9025 | 1.64621 | 5.20577 | 1.39419 | 3.00370 | 6.47127 | .369004 
20.1236 | 1.64924 | 5.21536 | 1.39591 | 3.00739 | 6.47922 | .367647 
20.3464 | 1.65227 | 5.22494 | 1.39761 | 3.01107 | 6.48715 | .366300 
20.5708 | 1.65529 | 5.23450 | 1.39932 | 3.01474 | 6.49507 | .364964 
20.7969 | 1.65831 | 5.24404 | 1.40102 | 3.01841 | 6.50296 | .363636 
21.0246 | 1.66132 | 5.25357 | 1.40272 | 3.02206 | 6.51083 | .362319 
21.2539 | 1.66433 | 5.26308 | 1.40441 | 3.02571 | 6.51868 | .361011 
21.4850 | 1.66733 | 5.27257 | 1.40610 | 3.02934 | 6.52652 | .359712 
21.7176 | 1.67033 | 5.28205 | 1.40778 | 3.03297 | 6.53434 | .358423 
21,9520 | 1.67332 | 5.29150 | 1.40946 | 3.03659 | 6.54213 | .85714z 
22.1880 | 1.67631 | 5.30094 | 1.41114 | 3.04020 | 6.54991 | .355872 
22.4258 | 1.67929 | 5.31037 | 1.41281 | 3.04380 | 6.55767 | .354610 
22,6652 | 1.68226 | 5.31977 | 1.41448 | 3.04740 | 6.56541 | .353357 
22.9063 | 1.68523 | 5.32917 | 1.41614 | 3.05098 | 6.57314 | .352113 
23.1491 | 1.68819 | 5.33854 | 1.41780 | 3.05456 | 6.58084 | .350877 
23,3937 | 1.69115 | 5.34790 | 1.41946 | 3.05813 | 6.58853 | .349650 
23.6399 | 1.69411 | 5.35724 | 1.42111 | 3.06169 | 6.59620 | .348432 
23,8879 | 1.69706 | 5.36656 | 1.42276 | 3.06524 | 6.60385 | .347222 
24,1376 | 1.70000 | 5.37587 | 1.42440 | 3.06878 | 6.61149 | .346021 
24.3890 | 1.70294 | 5.38516 | 1.42604 | 3.07232 | 6.61911 | .344828 
24.6422 | 1.70587 | 5.39444 | 1.42768 | 3.07585 | 6.62671 | .343643 
24,8971 | 1.70880 | 5.40370 | 1.42931 | 3.07936 | 6.63429 | 342466 
25.1538 | 1.71172 | 5.41295 | 1.43094 | 3.08287 | 6.64185 | .341297 
25.4122 | 1.71464 | 5.42218 | 1.43257 | 3.08638 | 6.64940 | .340136 
25.6724 | 1.71756 | 5.43139 | 1.43419 | 3.08987 | 6.65693 | .338983 
25.9348 | 1.72047 | 5.44059 | 1.43581 | 3.09336 | 6.66444 | .337838 
26.1981 | 1.72337 | 5.44977 | 1.43743 | 3.09684 | 6.67194 | .336700 
26.4636 | 1.72627 | 5.45894 | 1.43904 | 3.10031 | 6.67942 | .335571 
26.7309 | 1.72916 | 5.46809 | 1.44065 | 3.10378 | 6.68688 | .834448 
27,0000 | 1.73205 | 5.47723 | 1.44225 | 3.10723 | 6.69433 | .333333 
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9.0601 | 27.2709 | 1.73494 | 5.48635 | 1.44385 | 3.11068 | 6.70176 | .332226 
9.1204 | 27.5436 | 1.73781 | 5.49545 | 1.44545 | 3,11412 | 6.70917 | .331126 
9.1809 | 27,8181 | 1.74069 | 5.50454 | 1.44704 | 3.11755 | 6.71657 | 330033 
9.2416 | 28.0945 | 1.74356 | 5.51362 | 1.44863 | 3.12098 | 6.72395 | .328947 
9.3025 | 28.3726 | 1.74642 | 5.52268 | 1 45022 | 3.12440 | 6.73132 | 327869 


9.3636 | 28.6526 | 1.74929 | 5.53173 | 1.45180 | 3.12781 | 6.73866 | .326797 
9.4249 | 28.9344 | 1.75214 | 5.54076 | 1.45338 | 3.13121 | 6.74600 | 325733 
9.4864 | 29.2181 | 1.75499 | 5.54977 | 1.45496 | 3.13461 | 6.75331 | 324675 
9.5481 | 29.5036 | 1.75784 | 5.55878 | 1.45653 | 3.13800 | 6.76061 | 323625 
9.6100 | 29.7910 | 1.76068 | 5.56776 | 1.45810 | 3.14138 | 6.76790 | 322581 


9.6721 | 30.0802 | 1.76352 | 5.57674 | 1.45967 | 3.14475 | 6.77517 | 321543 
9.7344 | 30.3713 | 1.76635 | 5.58570 | 1.46123 | 3.14812 | 6.78242 | 320513 
9.7969 | 30.6643 | 1.76918 | 5.59464 | 1.46279 | 3.15148 | 6.78966 | .319489 
9.8596 | 30.9591 | 1.77200 | 5.60357 | 1.46434 | 3.15484 | 6.79688 | 318471 
9.9225 | 31.2559 | 1.77482 | 5.61249 | 1.46590 | 3.15818 | 6.80409 | 317460 


9.9856 | 31.5545 | 1.77764 | 5.62139 | 1.46745 | 3.16152 | 6.81128 | 316456 
10.0489 | 31.8550 | 1.78045 | 5.63028 | 1.46899 | 3.16485 | 6.81846 | 315457 
10.1124 | 32.1574 | 1.78326 | 5.63915 | 1.47054 | 3.16817 | 6.82562 | 314465 
10.1761 | 32.4618 } 1.78606 | 5.64801 | 1.47208 | 3.17149 | 6.83277 | 313480 
10.2400 | 32.7680 | 1.78885 | 5.65685 | 1.47361 | 3.17480 | 6.83990 | .312500 


10.3041 | 38.0762 | 1.79165 | 5.66569 | 1.47515 | 3.17811 | 6.84702 | .311527 
10,3684 | 33.3862 | 1.79444 | 5.67450 | 1.47668 | 3.18140 | 6.85412 | 310559 
10.4329 | 33.6983 | 1.79722 | 5.68331 | 1.47820 | 3.18469 | 6.86121 | 309598 
10.4976 | 34.0122 | 1.80000 | 5.69210 | 1.47973 | 3.18798 | 6.86829 | .308642 
10.5625 | 34.3281 | 1.80278 | 5.70088 | 1.48125 | 3.19125 | 6.87534 | .307692 


10.6276 | 34.6460 | 1.80555 | 5.70964 | 1.48277 | 3.19452 | 6.88239 | 306749 
10,6929 | 84.9658 | 1.80881 | 5.71839 | 1.48428 | 3.19779 | 6.88942 | 305810 
10.7584 | 35.2876 | 1.81108 | 5.72713 | 1.48579 | 3.20104 | 6.89643 | 304878 
10.8241 | 35,6129 } 1.81384 | 5.73585 | 1.487380 | 3.20429 | 6.90344 | .303951 
10.8900 | 35.9370 | 1.81659 | 5.74456 | 1.48881 | 3.20753 | 6.91042 | 303030 


10.9561 | 36.2647 | 1.81934 | 5.75326 | 1.49031 | 3.21077 | 6.91740 | 302115 
11.0224 | 36.5944 | 1.82209 | 5.76194 | 1.49181 | 3.21400 | 6.92436 | .301205 
11.0889 | 36.9260 | 1.82483 | 5.77062 | 1.49330 | 3.21723 | 6.93130 | 300300 
11.1556 | 37.2597 | 1.82757 | 5.77927 | 1.49480 | 3.22044 | 6.95823 | .299401 
11.2225 | 37.5954 | 1.83080 | 5.78792 | 1.49629 | 3.22365 | 6.94515 | .298508 


11.2896 | 37.9331 | 1.83303 | 5.79655 | 1.49777 | 3.22686 | 6.95205 | .297619 
11.3569 | 38.2728 | 1.83576 | 5.80517 | 1.49926 | 3.23005 | 6.95894 | .296736 
11.4244 | 38.6145 | 1.83848 | 5.81378 | 1.50074 | 3.23325 | 6.96582 ) .295858 
11,4921 | 38.9582 | 1.84120 | 5.82237 | 1.50222 | 3.23643 | 6.97268 | .294985 
11.5600 | 39.3040 | 1.84391 | 5.83095 | 1.50369 | 3.23961 | 6.97953 | .294118 


11.6281 | 39.6518 | 1.84662 | 5.83952 | 1.50517 | 3.24278 | 6.98637 | .293255 
11.6964 | 40.0017 | 1.84932 | 5.84808 | 1.50664 | 3.24595 | 6.99319 | .292398 
11.7649 | 40.3536 | 1.85203 | 5.85662 | 1.50810 | 3.24911 | 7.00000 | .291545 
11.8336 | 40.7076 | 1.85472 | 5.86515 | 1.50957 | 3.25227 | 7.00680 | .290698 
11.9025 | 41.0636 | 1.85742 | 5.87367 | 1.51103 | 3.25542 | 7.01358 | .28985£. 


11.9716 | 41.4217 | 1.86011 | 5.88218 | 1.51249 | 3.25856 | 7.02035 | .289017 
12.0409 | 41.7819 | 1.86279 | 5.89067 | 1.51394 | 3.26169 | 7.02711 | .288184 
12.1104 | 42.1442 | 1.86548 | 5.89915 | 1.51540 | 3.26482 | 7.03385 | .287356 
12.1801 | 42.5085 | 1.86815 | 5.90762 | 1.51685 | 3.26795 | 7.04058 | .286533 
12.2500 | 42.8750 | 1.87083 | 5.91608 | 1.51829 | 3.27107 | 7.04730 | .285714 
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12.3201 | 43.2436 | 1.87350 | 5.92453 | 1.51974 | 3.27418 | 7.05400 | .284900 
12,3904 | 43.6142 | 1.87617 | 5.93296 | 1.52118 | 3.27729 | 7.06070 | .284091 
12.4609 | 43.9870 | 1.87883 | 5.94138 | 1.52262 | 3.28039 | 7.06738 | .283286 
12.5316 | 44.3619 | 1.88149 | 5.94979 | 1.52406 | 3.28348 | 7.07404 | .282486 
12.6025 | 44.7389 | 1.88414 | 5.95819 | 1.52549 | 3.28657 | 7.08070 | .281690 


12.6736 | 45.1180 | 1.88680 | 5.96657 | 1.52692 | 3.28965 | 7.08734 | .280899 
12,7449 | 45.4993 | 1.88944 | 5.97495 | 1.52835 | 3.29273 | 7.09397 | .280112 
12.8164 | 45.8827 | 1.89209 | 5.98331 | 1.52978 | 3.29580 | 7.10059 | .279330 
12.8881 | 46.2683 | 1.89473 | 5.99166 | 1.53120 | 3.29887 | 7.10719 | .278552 
12.9600 | 46.6560 | 1.89737 | 6.00000 | 1.53262 | 3.30193 | 7.11379 | .277778 


13.0321 | 47.0459 | 1.90000 | 6.00833 | 1.53404 | 3.30498 | 7.12037 | .277008 
13.1044 | 47.4379 | 1.90263 | 6.01664 | 1.53545 | 3.30803 | 7.12694 | .276243 
13.1769 | 47.8321 | 1.90526 | 6.02495 | 1.53686 | 3.31107 | 7.13349 | .275482 
13,2496 | 48,2285 | 1.90788 | 6.03324 | 1.53827 | 3.31411 | 7.14004 | .274725 
13.3225 | 48.6271 | 1.91050 | 6.04152 | 1.53968 | 3.31714 | 7.14657 | .273973 


13.3956 | 49.0279 | 1.91311 | 6.04979 | 1.54109 | 3.32017 | 7.15309 | .273224 
13.4689 | 49,4309 | 1.91572 | 6.05806 | 1.54249 | 3.32319 | 7.15960 | .272480 
13,5424 | 49.8360 | 1.91833 | 6.06630 | 1.54389 | 3.32621 | 7.16610 | .271739 
13.6161 | 50.2434 | 1.92094 | 6.07454 | 1.54529 | 3.32922 | 7.17258 | .271003 
13.6900 | 50.6530 | 1.92354 | 6.08276 | 1.54668 | 3.33222 | 7.17905 | .270270 


13.7641 | 51.0648 | 1.92614 | 6.09098 | 1.54807 } 3.33522 | 7.18552 | .269542 
13.8384 | 51.4788 | 1.92873 | 6.09918 | 1.54946 | 3.33822 | 7.19197 | .268817 
13.9129 | 51.8951 | 1.93132 | 6.10737 | 1.55085 | 3.34120 | 7.19841 | .268097 
13,9876 | 52.3136 | 1.93391 | 6.11555 | 1.55223 | 3.34419 | 7.20483 | .267380 
14,0625 | 52.7344 | 1.93649 | 6.12372 | 1.55362 | 3.34716 | 7.21125 | .266667 


14,1376-| 53.1574 | 1.93907 | 6.13188 | 1.55500 | 3.35014 | 7.21765 | .265957 
14,2129 | 53.5826 | 1.94165 | 6.14003 | 1.55637 | 3.35310 | 7.22405 | 265252 
14,2884 | 54.0102 | 1.94422 | 6.14817 | 1.55775 | 3.385607 | 7.23043 | .264550 
14.3641 | 54.4399 | 1.94679 | 6.15630 | 1.55912 | 3.35902 | 7.23680 | .263852 
14.4400 | 54.8720 | 1.94936 | 6.16441 | 1.56049 | 3.36198 | 7.24316 | .263158 


14,5161 | 55.3063 | 1.95192 | 6.17252 | 1.56186 | 3.36492 | 7.24950 | .262467 
14,5924 | 55.7430 | 1.95448 | 6.18061 | 1.56322 | 3.36786 | 7.25584 | .261780 
14.6689 | 56.1819 | 1.95704 | 6.18870 | 1.56459 | 3.37080 | 7.26217 | .261097 
14,7456 | 56.6231 | 1.95959 | 6.19677 | 1.56595 | 3.37373 | 7.26848 | .260417 
14,8225 | 57.0666 | 1.96214 | 6.20484 | 1.56731 | 3.37666 | 7.27479 | .259740 


14,8996 | 57.5125 | 1.96469 ) 6.21289 | 1.56866 | 3.37958 | 7.28108 | .259067 
14.9769 | 57.9606 | 1.96723 | 6.22093 | 1.57001 | 3.38249 | 7.28736 | .258398 
15.0544 | 58.4111 | 1.96977 | 6.22896 | 1.57137 | 3.38540 | 7.29363 | .257732 
15.1321 | 58.8639 | 1.97231 | 6.23699 | 1.57271 | 3.38831 | 7.29989 | .257069 
15.2100 | 59.3190 | 1.97484 | 6.24500 | 1.57406 | 3.39121 | 7.30614 | .256410 


15.2881 | 59.7765 | 1.97737 | 6.25300 | 1.57541 | 3.39411 | 7.31238 | .255755 
15.3664 | 60.2363 | 1.97990 | 6.26099 | 1.57675 | 3.39700 | 7.31861 | .255102 
15.4449 | 60.6985 | 1.98242 | 6.26897 | 1.57809 | 3.39988 | 7.32483 | .254453 
15.5236 | 61.1630 | 1.98494 | 6.27694 | 1.57942 | 3.40277 | 7.33104 | .253807 
15,6025 | 61.6299 | 1.98746 | 6.28490 | 1.58076 | 3.40564 | 7.33723 | .253165 


15.6816 | 62.0991 | 1.98997 | 6.29285 | 1.58209 | 3.40851 | 7.34342 | .252525 
15.7609 | 62.5708 | 1.99249 | 6.30079 | 1.58342 | 3.41138 | 7.34960 | .251889 
15,8404 | 63.0448 | 1.99499 | 6.30872 | 1.58475 | 3.41424 | 7.35576 | .251256 
15.9201 | 63.5212 | 1.99750 | 6.31664 | 1.58608 | 3.41710 | 7.36192 | .250627 
16.0000 | 64.0000 | 2.00000 | 6.32456 | 1.58740 | 3.41995 | 7.36806 | .250000 
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01 | 16.0801 | 64.4812 | 2.00250 | 6.33246 | 1.58872 | 3.42280 | 7.37420 | .24937T 
02 | 16.1604 | 64.9648 | 2.00499 | 6.34035 | 1.59004 | 3.42564 | 7.38032 | .248756 
03 | 16,2409 | 65.4508 | 2.00749 | 6.34823 | 1.59136 | 3.42848 | 7.38644 | .248139 
04 | 16.3216 | 65.9393 | 2.00998 | 6.35610 | 1.69267 | 3.43131 | 7.39254 | .247525 
0: 16.4025 | 66.4301 | 2.01246 | 6.36396 | 1.59399 | 3.43414 | 7.39864 | .246914 
0 
0 
0: 
0 


a 
2 
3 
4 
5 

.06 | 16.4836 | 66.9234 | 2.01494 | 6.37181 | 1.59530 | 3.43697 | 7.40472 | .246305 
7 | 16.5649 | 67.4191 | 2.01742 | 6.37966 | 1.59661 | 3.43979 | 7.41080 | .245700 
8 | 16,6464 | 67,9173 | 2.01990 | 6.38749 | 1.59791 | 3.44260 | 7.41686 | .245098 
9 | 16.7281 | 68.4179 | 2.02237 | 6.39531 | 1.59922 | 3.44541 | 7.42291 | .244499 
0 | 16.8100 | 68.9210 | 2.02485 | 6.40312 | 1.60052 | 3.44822 | 7.42896 | .243902 


16.8921 | 69.4265 | 2.02731 | 6.41093 | 1.60182 | 3.45102 | 7.43499 | .243309 
16.9744 | 69.9345 | 2.02978 | 6.41872. | 1.60312 | 3.45382 | 7.44102 | .242718 
17.0569 | 70.4450 | 2.03224 | 6.42651 | 1.60441 | 3.45661 | 7.44703 | .242131 
17.1396 | 70.9579 | 2.03470 | 6.43428 | 1.60571 | 3.45939 | 7.45304 | .241546 
17.2225 | 71.4734 | 2.03715 | 6.44205 | 1.60700 | 3.46218 | 7.45904 | .240964 


17.3056 | 71.9913 | 2.03961 | 6.44981 | 1.60829 | 3.46496 | 7.46502 | .240385 
17.3889 | 72.5117 | 2.04206 | 6.45755 | 1.60958 | 3.46773 | 7.47100 | .239808 
17.4724 | 73.0346 | 2.04450 | 6.46529 | 1.61086 | 3.47050 | 7.47697 | .239234 
17.5561 | 73.5601 | 2.04695 | 6.47302 | 1.61215 | 3.47327 | 7.48292 | .238664 
17.6400 | 74.0880 | 2.04939 | 6.48074 | 1.61343 | 3.47603 | 7.48887 | .238095 


17.7241 | 74.6185 | 2.05183 | 6.48845 | 1.61471 | 3.47878 | 7.49481 | .237530 
17.8084 | 75.1514 | 2.05426 | 6.49615 ; 1.61599 | 3.48154 | 7.50074 | .236967 
17.8929 | 75.6870 | 2.05670 | 6.50385 | 1.61726 | 3.48428 | 7.50666 | .236407 
17.9776 | 76.2250 | 2.05913 | 6.51153 | 1.61853 | 3.48703 | 7.51257 | .235849 
18.0626 | 76.7656 | 2.06155 | 6.51920 | 1.61981 | 3.48977 | 7.51847 | .235294 
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6 | 18.1476 | 77.3088 | 2.06398 | 6.52687 | 1.62108 | 3.49250 | 7.52437 | .234742 

7 | 18.2329 | 77.8545 | 2.06640 | 6.53452 | 1.62234 | 3.49523 | 7.53025 | .234192 
.28 | 18.3184 | 78.4028 | 2.06882 | 6.54217 | 1.62361 | 3.49796 | 7.53612 | .233645 
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18.4041 | 78.9536 | 2.07123 | 6.54981 | 1.62487 | 3.50068 | 7.54199 | .233160 
18.4900 | 79.5070 | 2.07364 | 6.55744 | 1.62613 | 3.50340 | 7.54784 | .232558 


18.5761 | 80.0630 | 2.07605 | 6.56506 | 1.62739 | 3.50611 | 7.55369 | .232019 
18.6624 | 80.6216 | 2.07846 | 6.57267 | 1.62865 | 3.50882 | 7.55953 | .231482 
18.7489 | 81.1827 | 2.08087 | 6.58027 | 1.62991 | 3.51153 | 7.56525 | 230947 
18.8356 | 81.7465 | 2.08327 | 6.58787 | 1.63116 | 3.51423 | 7.57117 | .230415 
18.9226 | 82,3129 | 2.08567 | 6.59545 | 1.63241 | 3.51692 | 7.57698 | .229885 


19.0096 | 82.8819 | 2.08806 | 6.60303 | 1.63366 | 3.51962 | 7.58279 | .229358 
19.0969 | 83.4535 | 2.09045 | 6.61060 | 1.63491 | 3.52231 | 7.58858 | .228833 
19.1844 | 84,0277 | 2.09284 | 6.61816 | 1.63616 | 3.52499 | 7.59436 | .228311 
19.2721 | 84.6045 | 2.09523 | 6.62571 | 1.63740 | 3.52767 | 7.60014 | .227790 
19.3600 | 85.1840 | 2.09762 | 6.63325 | 1.63864 | 3.53035 | 7.60590 | .227273 


19,4481 | 85.7661 | 2.10000 | 6.64078 | 1.63988 | 3.53302 | 7.61166 | .226757 
19,5364 | 86.3509 | 2.10238 | 6.64831 | 1.64112 | 3.53569 | 7.61741 | .226244 
19.6249 | 86.9383 ] 2.10476 | 6.65582 | 1.64236 | 3.53835 | 7.62315 | .225734 
19,7136 | 87.5284 | 2.10713 | 6.66333 | 1.64359 | 3.54101 | 7.62888 | .225225 
19.8025 | 88.1211 | 2.10950 | 6.67083 | 1.64483 | 3.54367 | 7.63461 | .224719 


46 | 19.8916 | 88.7165 | 2.11187 | 6.67832 | 1.64606 | 3.54632 | 7.64032 | 224215 
47 | 19.9809 | 89.3146 | 2.11424 | 6.68581 | 1.64729 | 3.54897 | 7.64603 | .223714 
48 | 20,0704 | 89:9154 | 2.11660 | 6.69328 } 1.64851 | 3.55162 | 7.65172 | .223214 
49 | 20.1601 | 90.5188 | 2.11896 | 6.70075 | 1.64974 | 3.55426 | 7.65741 | .222717 
50 Oe 91,1250 | 2.12132 | 6.70820 | 1.65096 | 3.55689 | 7.66309 | .222223 
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20.3401 
20.4304 
20.5209 
20.6116 
20.7025 


20.7936 
20.8849 
20.9764 
21.0681 
21,1600 


21.2521 
21.3444 
21.4369 
21.5296 
21.6225 


21.7156 
21.8089 
21.9024 
21.9961 
22.0900 


22,1841 
22.2784 
22.3729 
22.4676 
22.5625 


22.6576 
22.7529 
22,8484 
22.9441 
23.0400 


23.1361 
23.2324 
23,3289 
23,4256 
23,5225 


23.6196 
23.7169 
23,8144 
23,9121 
24.0100 


24,1081 
24.2064 
24,3049 
24.4036 
24,5025 


24.6016 
24.7009 
24,8004 
24.9001 
25.0000 
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91,7339 
92.3454 
92.9597 
93.5767 
94,1964 


94.8188 
95.4440 
96.0719 
96.7026 
97.3360 


97.9722 
98.6111 
99.2528 
99.8973 
100.545 


101.195 
101.848 
102.503 
103.162 
103.823 


104.487 
105.154 
105.824 
106,496 
107,172 


107.850 
108,531 
109.215 
109.902 
110.592 


111.285 
111.980 
112.679 
113,380 
114.084 


114.791 
115.501 
116.214 
116.930 
117.649 


118.371 
119.095 
119.823 
120.554 
121.287 


122.024 
122.763 
123.506 
124,251 
125.000 


2.12368 
2.12603 
2.12838 
2.13073 
2.13307 


2.13542 
2.13776 
2.14009 
2.14243 
2,14476 
2.14709 
2.14942 
2.15174 
2.15407 
2.15639 


2.15870 
2.16102 
2.16333 
2.16564 
2.16795 


2.17025 
2.17256 
2.17486 
2.17715 
2.17945 


2.18174 
2.18403 
2.18632 
2.18861 
2.19089 


2.19317 
2.19545 
2.19773 
2.20000 
2.20227 


2.20454 
2.20681 
2.20907 
2.21133 
2.21359 


2.21585 
2.21811 
2.22036 
2.22261 
2.22486 


2.22711 
2.22935 
2.23159 
2.23383 
2.23607 


6.71565 
6.72309 
6.73053 
6.73795 
6.74537 


6.75278 
6.76018 
6.76757 
6.17495 
6.78233 


6.78970 
6.79706 
6.80441 
6.81175 
6.81909 


6.82642 
6.83374 
6.84105 
6.84836 
6.85565 


6.86294 
6.87023 
6.87750 
6.88477 
6.89202 


6.89928 
6.90652 
6.91375 
6.92098 
6.92820 


6.93542 
6.94262 
6.94982 
6.95701 
6.96419 


6.97137 
6.97854 
6.98570 
6.99285 
7.00000 


7.00714 
7.01427 
7.02140 
7.02851 
7.03562 


7,04273 
7.04982 
7.05691 
7.06399 
7.07107 


1,65219 
1.65341 
1.65462 
1.65584 
1.65706 


1.65827 
1.65948 
1.66069 
1.66190 
1.66310 


1.66431 
1.66551 
1.66671 
1.66791 
1.66911 


1.67030 
1,67150 
1.67269 
1.67388 
1,67507 


1.67626 
1.67744 
1.67863 
1.67981 
1.68099 


1.68217 
1.68334 
1.68452 
1.68569 
1.68687 


1.68804 
1,68920 
1.69037 
1.69154 
1.69270 


1.69386 
1.69503 
1.69619 
1.69734 
1,69850 


1.69965 
1.70081 
1.70196 
1.70311 
1.70426 


1.70540 
1.70655 
1.70769 
1,70884 
1.70998 


07 


10» 


3.55953 
3.56215 
3.56478 
3.56740 
3.57002 


3.57263 
3.57524 
3.57785 
3.58045 
3.58305 


3.58564 
3.58823 
3.59082 
3.59340 
3.59598 


3.59856 
3.60113 
3.60370 
3.60626 
3.60883, 


3.61138 
3.61394 
3.61649 
3.61904 
3.62158 


3.62412 
3.62665 
3.62919 
3.63171 
3.63424 


3.63676 
3.63928 
3.64180 
3.64431 
3.64682 
3.64932 
3.65182 
3.65432 
3.65682 
3.65931 


3.66179 
3 66428 
3.66676 
3.66924 
3.67171 


3.67418 
3.67665 
3.67911 
3.68157 


21 
3——j} 1 
V100n} = 

n 
7.66877 | .221780 
7.67443 | .221239 
7.68009 | .220751 
7.68578 | 220264 
7.69137 | .219780 
7.69700 | .219298 
7.70262 | 218818 
7.70824 | .218341 
7.71884 | 217865 
7.71944 | 217391 
7.72508 | 216920 
7.73061 | .216450 
7.73619 | .215983 
1.74175 | 215517 
7.74781 | 215054 
7.75286 | 214592 
7.78840 | 214133 
7.76394 | (213675 
7.76946 | .218220 
7.17498 | 212766 
7.78049 | 212314 
7.78599 | .211864 
7.79149 | 211417 
7.79697 | 210971 
7.80245 | 210526 
7.80798 | 210084 
7.81339 | 209644 
7.81885 | 209205 
7.82429 | 208768 
7.82974 | 208383 
7.83517 | .207900 
7.84059 | 207469 
7.84601 | 207039 
7.85142 | 206612 
7.85683 | .206186 
7.86222 | 205761 
7.86761 | 205889 
7.87299 | 204918 
7.87837 | 204499 
7.88374 | 204082 
7.88909 | .203666 
7.89445 | 208252 
7.89979 | .202840 
7.90513 | 202429 
7.91046 | .202026 
7.91578 | 201613 
7.92110 | .201207 
7.92641 | .200803 
7.93171 | .200401 
7.93701 | 200000 


3.68403 


3 
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CF fk ke Re 
SODAD A 


nr 


25.1001 
25,2004 
25.3009 
25.4016 
25.5025 


25.6036 
25.7049 
25.8064 
25.9081 
26.0100 


26.1121 
26.2144 
26.3169 
26.4196 
26.5225 


26.6256 
26.7289 
26.8324 
26.9361 
27.0400 


27.1441 
27.2484 
27.3529 
27.4576 
27.5625 


27,6676 
27.7729 
27.8784 
27.9841 
28.0900 


28.1961 
28,3024 
28.4089 
28.5156 
28.6225 


28.7296 
28.8369 
28.9444 
29.0521 
29.1600 


29.2681 
29.3764 
29.4849 
29.5936 
29.7025 


29.8116 
29.9209 
30.0304 
30.1401 
30.2500 
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ns 


125,752 
126.506 
127.264 
128.024 
128.788 


129.554 
130.324 
131.097 
131.872 
132.651 


133.433 
134.218 
135.006 
135.797 
136.591 


137.388 
138.188 
138.992 
139.798 
140.608 


141,421 
142.237 
143.056 
143.878 
144,703 


145.532 
146.363 
147,198 
148.036 
148.877 


149,721 
150.569 
151.419 
152,273 
153:130 
153,991 
154.854 
155.721 
156.591 
157.464 


158.340 
159.220 
160.103 
160.989 
161.879 


162.771 
163.667 
164,567 
165.469 
166.375 


3 3 | 

Nn |~Vion| Nn | Vion |Ni00on 7 

2.23830 | 7.07814 | 1.71112 | 3.68649 | 7.94229 | .199601 
2.24054 | 7.08520 | 1.71225 | 3.68894 | 7.94757 | 199203 
2.24277 | 7.09225 | 1.71339 | 3.69138 | 7.95285 | .198807 
2124499 | 7.09930 | 1.71452 | 3.69383 | 7.95811 | .198413 
2124722 | 7.10634 | 1.71566 | 3.69627 | 7.96337 | .198020 
2.24944 | 7.11337 | 1.71679 | 3.69871 | 7.96863 | .197629 
2.25167 | 7.12039 | 1.71792 | 3.70114 | 7.97387 | .197239 
2.25389 | 7.12741 | 1.71905 | 3.70358 | 7.97911 | .196850 
2.25610 | 7.13442 | 1.72017 | 3.70600 | 7.98434 | 196464 
2.25832 | 7.14143 | 1.72180 | 3.70843 | 7.98957 | 196078 
2.26053 | 7.14843 | 1.72242 | 3.71085 | 7.99479 | .195695 
2.26274 | 7.15542 | 1.72355 | 3.71327 | 8.00000 | .195313 
2.26495 | 7.16240 | 1.72467 | 3.71566 | 8.00520 | .194932 
2.26716 | 7.16938 | 1.72579 | 3.71810 | 8.01040 | .194553 
226936 | 7.17635 | 1.72691 | 3.72051 | 8.01559 | .194175 
2.27156 | 7.18331 | 1.72802 | 3.72292 | 8.02078 | .193798 
2127376 | 7.19027 | 1.72914 | 3.72532 | 8.02596 | 193424 
2.27596 | 7.19722 | 1.73025 | 3.72772 | 8.03113 | .193050 
2.27816 | 7.20417 | 1.73137 | 3.73012 | 8.03629 | .192678 
2.28035 | 7.21110 | 1.73248 | 3.73251 | 8.04145 | .192308 
2.28254 | 7.21803 | 1.73359 | 3.73490 | 8.04660 | .191939 
2.28473 | 7.22496 | 1.73470 | 3.73729 | 8.05175 | .191571 
2.28692 | 7.23187 | 1.73580 | 3.73968 | 8.05689 | .191205 
2.28910 | 7.23878 | 1.73691 | 3.74206 | 8.06202 | .190840 
2.29129 | 7.24569 | 1.73801 | 3.74443 | 8.06714 | 190476 
2.29347 | 7.25259 | 1.73912 | 3.74681 | 8.07226 | .190114 
2.29565 | 7.25948 | 1.74022 | 3.74918 | 8.07737 | .189753 
2.29783 | 7.26686 | 1.74132 | 3.75158 | 8.08248 | 189394 
2.30000 | 7.27324 | 1.74242 | 8.75392 | 8.08758 | .189036 
2130217 | 7.28011 | 1.74351 | 3.75629 | 8.09267 | .188679 
2.30434 | 7.28697 | 1.74461 | 3.75865 | 8.09776 | 188324 
2.30651 | 7.29383 | 1.74570 | 3.76100 | 8.10284 | .187970 
2.30868 | 7.30068 | 1.74680 | 3.76336 | 8.10791 | .187617 
2.31084 | 7.30758 | 1.74789 | 3.76571 | 8.11298 | 187266 
2.31301 | 7.31437 | 1.74898 | 3.76806 | 8.11804 | .186916 
2.31617 | 7.32120 | 1.75007 | 3.77041 | 8.12310 | 186567 
2.31733 | 7.32803 | 1.75116 | 3.77275 | 8.12814 | .186220 
2.31948 | 7.33485 | 1.75224 | 3.77509 | 8,13319 | .185874 
2.32164 | 7.34166 | 1.75333 | 3.77740 | 8.13822 | .185529 
2.32379 | 7.34847 | 1.75441 | 3.77976 | 8.14325 | .185185 
2.32594 | 7.35527 | 1.75549 | 3.78210 | 8.14828 | .184843 
2.32809 | 7.36206 | 1.75657 | 3.78442 | 8.15829 | 184502 
2.33024 | 7.36885 | 1.75765 | 3.78675 | 8.15831 | .184162 
2.33238 | 7.37564 | 1.75873 | 3.78907 | 8.16331 | .183824 
2.33452 ! 7.38241 | 1.75981 | 3.79139 | 8.16831 | .183486 
2.33666 | 7.38918 | 1.76088 | 3.79371 | 8.17330 | .183150 
2.33880 | 7.39594 | 1.76196 | 3.79603 | 8.17829 | .182815 
2.34094 | 7.40270 | 1.76303 | 3.79834 | 8.18327 | 182482 
2.34307 | 7.40945 | 1.76410 | 3.80065 | 8.18824 | 182149 
2134521 | 7.41620 | 1.76517 | 3.80295 | 8.19321 
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6.51 | 30.3601 | 167.284 | 2.34734 | 7.42294 | 1.76624 | 3.80526 | 8.19818 | .181488 
5.52 | 30.4704 | 168.197 | 2.34947 | 7.42967 | 1.76731 | 3.80756 | 8.20313 | .181159 
5.58 | 30.5809 | 169.112 | 2.35160 | 7.43640 | 1.76838 | 3.80986 | 8.20808 | .180832 
5.54 | 30.6916 | 170.031 | 2.85372 | 7.44312 | 1.76944 | 3.80115 | 8.21303 | .180505 
5.55 | 30.8025 | 170.954 | 2.85584 | 7.44983 | 1.77051 | 3.81444 | 8.21797 | .180180 
5.56 | 30.9136 | 171.880 | 2.35797 | 7.45654 | 1.77157 | 3.81673 | 8.22290 | .179856 
5.57 | 31.0249 | 172.809 | 2.36008 | 7.46324 | 1.77263 | 3.81902 | 8.22783 | .179533 
5.58 | 31.1364 | 173.741 | 2.36220 | 7.46994 1,77369 | 3.82130 | 8.23275 | .179212 
5.59 | 31.2481 | 174.677 | 2.36432 | 7.47663 | 1.77475 | 3.82358 | 8.23766 | .178891 
5.60 | 31.3600 | 175.616 | 2.36645 | 7.48331 | 1.77581 | 3.82586 | 8.24257 | .178571 
5.61 | 31.4721 | 176.558 | 2.36854 | 7.48999 | 1.77686 | 3.82814 | 8.24747 | .178253 
5.62 | 31.5844 | 177.504 | 2.37065 | 7.49667 | 1.77792 | 3.83041 | 8.25237 | .177936 
5.63 | 31.6969 | 178.454 | 2.37276 | 7.50333 | 1.77897 | 3.83268 | 8.25726 | .177620 
5.64 | 31.8096 | 179.406 | 2.37487 | 7.50999 | 1.78008 | 3,83495 | 8.26215 | .177305 
5.65 | 31.9225 | 180.362 | 2.37697 | 7.51665 | 1.78108 | 3.83721 | 8.26703 | .176991 
5.66 | 32.0356 | 181.321 | 2.37908 | 7.52330 | 1.78213 | 3.83948 | 8.27190 | .176678 
5.67 | 32.1489 | 182.284 | 2.38118 | 7.52994 | 1.78318 | 3.84174 | 8.27677 | .176367 
5.68 | 32.2624 | 183.250 | 2.38328 | 7.53658 | 1.78422 | 3.84400 | 8.28164 | .176056 
5.69 | 32.3761 | 184.220 | 2.38537 | 7.543821 | 1.78527 | 3.84625 | 8.28649 | .175747 
6.70 | 32.4900 | 185.193 | 2.38747 | 7.54983 | 1.78632 | 5.84850 | 8.29134 | .175439 
5.71 | 32.6041 | 186.169 | 2.38956 | 7.55645 | 1.78736 | 3.85075 | 8.29619 | .175131 
5.72 | 32.7184 | 187.149 | 2.39165 | 7.56307 | 1.78840 | 3.85300 | 8.30103 | .174825 
5.73 | 32.8329 | 188.133 | 2.39374 | 7.56968 | 1.78944 | 3.85524 | 8.30587 | .174520 
5.74 | 32.9476 | 189.119 | 2.39583 | 7.57628 | 1.79048 | 3.85748 | 8.31069 | .174216 
5.75 | 33.0625 | 190.109 | 2.39792 | 7.58288 | 1.79152 | 3.85972 | 8.31552 | .173913 
5.76 | 33.1776 | 191.103 | 2.40000 | 7.58947 | 1.79256 | 3.86196 | 8.32034 | .173611 
5.77 | 33.2929 | 192.100 | 2.40208 | 7.59605 | 1.79360 | 3.86419 | 8.32515 | .173310 
5.78 | 33.4084 | 193.101 | 2.40416 | 7.60263 | 1.79463 | 3.86642 | 8.32995 | .173010 
5.79 | 33.5241 | 194.105 | 2.40624 | 7.60920 | 1.79567 | 3.86865 | 8.33476 | .172712 
5.80 | 33.6400 | 195.112 | 2.40832 | 7.61577 | 1.79670 | 3.87088 | 8.33955 | .172414 
5.81 | 33.7561 | 196.123 | 2.41039 | 7.62234 | 1.79773 | 3.87310 | 8.34434 | .172117 
6.82 | 33.8724 | 197.137 | 2.41247 | 7.62889 | 1.79876 | 3.87532 | 8.34913 | .171821 
5.23 | 33.9889 | 198.155 | 2.41454 | 7.63544 | 1.79979 | 3.87754 | 8.35390 |..171527 
5.84 | 34.1056 | 199.177 | 2.41661 | 7.64199 | 1.80082 | 3.87975 | 8.35868 | .171233 
5.85 | 34.2225 | 200,202 | 2.41868 | 7.64853 | 1.80185 | 3.88197 | 8.36345 | .170940 
5.86 | 34.3396 | 201.230 | 2.42074 | 7.65506 | 1.80288 | 3.88418 | 8.36821 | .170649 
6.87 | 34.4569 | 202.262 | 2.42281 | 7.66159 | 1.80390 | 3.88639 | 8.37297 | .170358 
5.88 | 34.5744 | 203.297 | 2.42487 | 7.66812 | 1.80492 | 3.88859 | 8.37772 | .170068 
5:89 | 34.6921 | 204.336 | 2.42693 | 7.67463 | 1.80595 | 3.89082 | 8.38247 | .169779 
5.90 | 34.8100 | 205.379 | 2.42899 | 7.68115 | 1.80697 | 3.89300 | 8.38721 | .169492 
5,91 | 34.9281 | 206.425 | 2.43105 | 7.68765 | 1.80799 | 3.89520 | 8.39194 | .169205 
5.92 | 35.0464 | 207.475 | 2.43311 | 7.69415 | 1.80901 | 3.89739 | 8.39667 | .168919 
5.93 | 35.1649 | 208.528 | 2.43516 | 7.70065 | 1.81003 | 3.89958 | 8.40140 | .168634 
5.94 | 35.2836 | 209.585 | 2.43721 | 7.70714 | 1.81104 | 3.90177 | 8.40612 | .168350 
5.95 | 35,4025 | 210.645 | 2.43926 | 7.71362 | 1.81206 | 3.90396 | 8.41083 | .168067 
5.96 | 35.5216 | 211.709 | 2.44131 | 7.72010 | 1.81307 | 3.90615 | 8.41554 | .167785 
5.97 | 35.6409 | 212.776 | 2.44336 | 7.72658 | 1.81409 | 3.90833 | 8.42025 | .167504 
5.98 | 35.7604 | 213.847 | 2.44540 | 7.73305 | 1.81510 | 3.91051 | 8.42494 | .167224 
5.99 | 35.8801 | 214.922 | 2.44745 | 7.73951 | 1.81611 | 3.91269 | 8.42964 | .166946 
6.00 | 36.0000 | 216.000 | 2.44949 | 7.74597 | 1.81712 | 3.91487 | 8.43433 | .166667 
| 
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36.1201 | 217.082 | 2.45153 | 7.75242 | 1.81813 | 3.91704 | 8.43901 | .166389 
36.24C4 | 218.167 | 2.45357 | 7.75887 | 1.81914 | 3.91921 | 8.44369 | .166118 
86.3609 | 219.256 | 2.45561 | 7.76531 | 1.82014 | 3.92138 | 8.44836 | .165838 
36.4816 | 220.349 | 2.45764 | 7.77174 | 1.82115 | 3.92355 | 8.45303 | .165563 
86.6025 | 221.445 | 2.45967 | 7.77817 | 1.82215 | 3.92571 | 8.45769 | .165289 


36.7236 | 222.545 | 2.46171 | 7.78460 | 1.82316 | 3.92787 | 8.46235 | .165017 
36.8449 | 223.649 | 2.46374 | 7.79102 | 1.82416 | 3.93003 | 8.46700 | .164745 
36.9664 | 224.756 | 2.46577 | 7.79744 | 1.82516 | 3.93219 | 8.47165 | .164474 
37,0881 | 225.867 | 2.46779 | 7.80385 | 1.82616 | 3.93434 | 8.47629 | 164204 
87.2100 | 226.981 | 2.46982 | 7.81025 | 1.82716 | 3.93650 | 8.48093 | .163984 


87.3321 | 228.099 | 2.47184 | 7.81665 | 1.82816 | 3.93865 | 8.48556 | .163666 
87,4544 | 229.221 | 2.47386 | 7.82304 | 1.82915 | 3.94079 | 8.49018 | .163899 
37.5769 | 230.346 | 2.47588 | 7.82948 | 1.83015 | 3.94294 | 8.49481 | .163182 
37.6996 | 231.476 | 2.47790 | 7.83582 | 1.83115 | 3.94508 | 8.49942 | .162866 
87,8225 | 232.608 | 2.47992 | 7.84219 | 1.83214 | 3.94722 | 8.50404 | .162602 


87.9456 | 233.745 | 2.48193 | 7.84857 | 1.83313 | 3.94936 | 8.50864 | .162838 
88.0689 | 234.885 | 2.48395 | 7.85493 | 1.83412 | 3.95150 | 8.51324 | .162075 
38.1924 | 236.029 | 2.48596 | 7.86130 | 1.83511 | 3.95363 | 8.51784 | .161812 
38.3161 | 237.177 | 2.48797 | 7.86766 | 1.83610 | 3.95576 | 8.52243 | 161551 
38.4400 | 238,328 | 2.48998 | 7.87401 | 1.83709 | 3.95789 | 8.52702 | .161290 


88.5641 | 239.483 | 2.49199 | 7.88036 | 1.83808 | 3.96002 | 8.58160 | .161031 
38.6884 | 240.642 | 2.49399 | 7.88670 | 1.83906 | 3.96214 | 8.53618 | .160772 
.23 | 88.8129 | 241,804 | 2.49600 | 7.89303 | 1.84005 | 3.96426 | 8.54075 | .160514 
6.24 | 38.9376 | 242.971 | 2.49800 | 7.89937 | 1.84103 | 3.96639 | 8.54532 | .160256 
6.25 | 39.0625 | 244,141 | 2.50000 | 7.90569 | 1.84202 | 3.96850 | 8.54988 | .160000 


6.26 | 39.1876 | 245.314 | 2.50200 | 7.91202 | 1.84300 | 3.97062 | 8.55444 | .159744 
6.27 | 39.3129 | 246.492 | 2.50400 | 7.91833 | 1.84398 | 3.97273 | 8.55899 | 159496 
6.28 | 39.4384 | 247.673 | 2.50599 | 7.92465 | 1.84496 | 3.97484 | 8.56354 | 169286 
6.29 | 39.5641 | 248.858 | 2.50799 | 7.93095 | 1.84594 | 3.97695 | 8.56808 | .158988 
6.30 | 39.6900.| 250.047 | 2.50998 | 7.93725 | 1.84691 | 3.97906 | 8.57262 | .158780 


6.31 | 39.8161 | 251.240 | 2.51197 | 7.94355 | 1.84789 | 3.98116 | 8.57715 | .158479 
6.32 | 39.9424 | 252.486 | 2.51396 | 7.94984 | 1.84887 | 3.98326 | 8.58168 | .158228 
6.33 | 40.0689 | 253.636 | 2.51595 | 7.95618 | 1.84984 | 3.98536 | 8.58620 | .157978 
6.34 | 40.1956 | 254.840 | 2.51794 | 7.96241 | 1.85082 | 3.98746 | 8.59072 | .157729 
6.35 | 40.3225 | 256.048 | 2.51992 | 7.96869 | 1.85179 | 3.98956 | 8.59524 | .157480 


6.36 | 40.4496 | 257.259 | 2.52190 | 7.97496 | 1.85276 | 3.99165 | 8.59975 | .157238 
6.37 | 40.5769, | 258.475 | 2.52389 | 7.98123 | 1.85373 | 3.99374 | 8.60425 | .156986 
6.38 | 40.7044 | 259.694 | 2.52587 | 7.98749 | 1.85470 | 3.99583 | 8.60875 | .156740 
6.39 | 40,8321 | 260.917 | 2.52784 | 7.99375 | 1.85567 | 3.99792 | 8.61325 | .156495 
6.40 | 40.9600 | 262.144 | 2.52982 | 8.00000 | 1.85664 | 4.00000 | 8.61774 | .156250 


6.41 | 41.0881 | 263.375 | 2.53180 | 8.00625 | 1.85760 | 4.00208 | 8.62222 | .156006 
6.42 | 41.2164 | 264.609 | 2.53377 | 8.01249 | 1.85857 | 4.00416 | 8.62671 | .155763 
6.43 | 41.3449 | 265.848 | 2.58574 | 8.01873 | 1.85953 | 4.00624 | 8.63118 | .155521 
6.44 | 41.4736 | 267.090 | 2.53772 | 8.02496 | 1.86050 | 4.00832 | 8.63566 | .155280 
6.45 | 41.6025 | 268.336 | 2.53969 | 8.03119 | 1.86146 | 4.01039 | 8.64012 | .155039 


46 | 41.7316 | 269.586 | 2.54165 | 8.03741 | 1.86242 | 4.01246 | 8.64459 | .154798 
47 | 41.8609 | 270.840 | 2.54362 | 8.04363 | 1.86338 | 4.01453 | 8.64904 | .154560 


b WHR LH bHoooo SS0S00 
HK SCSOMDAD TH WONK CODARGR Tr onre 


ARH AHAAMH AARAAA AHAAH AAAAH 
nw 
w 


48 | 41.9904 | 272.098 | 2.54558 | 8.04984 | 1.86434 | 4.01660 | 8.65350 | .154321 
.49 | 42,1201 | 278.359 | 2.54755 | 8.05605 | 1.86530 | 4.01866 | 8.65795 | .154088 
50 | 42.2500 | 274.625 | 2.54951 | 8.06226 | 1.86626 | 4.02073 | 8.66239 | .153846 


nT ne 


6.51 | 42.3804 
6.52 | 42.5104 
6.53 | 42.6409 
6.54 | 42.7716 
6.55 | 42,9025 
6.56 | 43.0336 
6.57 | 43.1649 
6.58 | 43.2964 
6.59 | 43.4281 
6.60 | 43.5600 


6.61 | 43.6921 
6.62 | 43.8244 
6.63 | 43.9569 
6.64 | 44.0896 
6.65 | 44.2225 


6.66 | 44.3556 
6.67 | 44.4889 
6.68 | 44.6224 
6.69 | 44.7561 
6.70 | 44.8900 


6.71 | 45.0241 
6.72 | 45.1584 
6.73 | 45.2929 
6.74 | 45.4276 
6.75 | 45.5625 


6.76 | 45.6976 
6.77 | 45.8329 
6.78 | 45.9684 
6.79 | 46.1041 
6.80 | 46.2400 


6.81 | 46.3761 
6.82 | 46.5124 
6.83 | 46.6489 
6.84 | 46.7856 
6.85 | 46.9225 


6.86 | 47.0596 
6.87 | 47.1969 
6.88 | 47.3344 
6.89 | 47.4721 
6.90 | 47.6100 


6.91 | 47.7481 
6.92 | 47.8864 
6.93 | 48.0249 
6.94 | 48.1636 
6.95 | 48.3025 


6.96 | 48.4416 
6.97 | 48.5809 
6.98 | 48.7204 
6.99 | 48.8601 
7.00 | 49.0000 


ne 


275,894 
277.168 
278.445 
279.726 
281.011 


282.300 
283.593 
284,890 
286.191 
287.496 


288.805 
290.118 
291.434 
292.755 
294,080 


295.408 
296.741 
298.078 
299.418 
300.763 


302.112 
303.464 
304.821 
306.182 
307.547 


308.916 
310.289 
311.666 
313.047 
314.432 


315.821 
317.215 
318.612 
320.014 
321.419 


322.829 
324.243 
325.661 
327.083 
328.509 


329.939 
331.374 
332.813 
334,255 
335,702 


337.154 
338.609 
340.068 
341,532 
343,000 


MATHEMATICS 


Vn 


2.55147 
2.55343 
2.55539 
2.55734 
2.55930 


2.56125 
2.56320 
2.56515 
2.56710 
2.56905 


2.57099 
2.57294 
2.57488 
2.57682 
2.57876 


2.58070 
2.58263 
2.58457 
2.58650 
2.58844 


2.59037 
2.59230 
2.59422 
2.59615 
2.59808 


2.60000 
2.60192 
2.60384 
2.60576 
2.60768 


2.60960 
2.61151 
2.61343 
2.61534 
2.61725 


2.61916 
2.62107 
2.62298 
2.62488 
2.62679 


2.62869 
2.63059 
2.63249 
2.63439 
2.63629 


2.63818 
2.64008 
2.64197 
2.64386 
2.64575 


N10 2 


8.06846 
8.07465 
8.08084 
8.08703 
8.09321 


8.09938 
8.10555 
8.11172 
8.11788 
8.12404 


8.13019 
8.13634 
8.14248 
8.14862 
8.15475 


8.16088 
8.16701 
8.17313 
8.17924 
8.18535 


8.19146 
8.19756 
8.20366 
8.20975 
8.21584 


8.22192 
8.22800 
8.23408 
8.24015 
8.24621 


8.25227 
8.25833 
8.26438 
8.27043 
8.27647 


8.28251 
8.28855 
8.29458 
8.30060 
8.30662 


8.31264 
8.31865 
8.32466 
8.33067 
8.33667 


8.34266 
8.34865 
8.35464 
8.36062 
8.36660 


An 


1.86721 
1.86817 
1.86912 
1.87008 
1,87103 


1.87198 
1.87293 
1.87388 
1.87483 
1.87578 


1.87672 
1.87767 
1.87862 
1.87956 
1.88050 


1.88144 
1.83239 
1.88333 
1.88427 
1.88520 


1.88614 
1.88708 
1.88801 
1.88895 
1,88988 


1.89081 
1.89175 
1.89268 
1.89361 
1.89454 


1.89546 
1.89639 
1.89732 
1.89824 
1.89917 


1.90009 
1.90102 
1.90194 
1.90286 
1,90378 


1.90470 
1.90562 
1.90653 
1.90745 
1.90837 


1.90928 
1.91019 
1.91111 
1,91202 
1.91293, 


V0 n 


4,02279 


4.02485 
4.02690 
4.02896 
4.03101 


4.03306 
4.03511 
4.03715 
4.03920 
4.04124 


4.04328 
4.04532 
4.04735 
4.04939 
4,05142 


4.05345 
4.06548 
4.05750 
4.05953 
4.06155 


4.06357 
4.06558 
4.06760 
4.06961 
4.07163 


4.07364 
4.07564 
4.07765 
4.07965 
4,08166 


4.08365 
4.08565 
4.08765 
4.08964 
4.09164 


4.09362 
4.09561 
4,09760 
4.09958 
4,10157 


4.10355 
4.10552 
4.10750 
4,10948 
4.11145 


4.11342 
4.11539 
4.11736 
4,11932 
4.12129 


A100n 


8.66683 
8.67127 
8.67570 
8.68012 
8.68455 


8.68896 
8.69338 
8.69778 
8.70219 
8.70659 


8.71098 
8.71537 
8.71976 
8.72414 
8.72852 


8.73289 
8.73726 
8.74162 
8.74598 
8.75034 


8.75469 
8.75904 
8.76338 
8.76772 
8.77205 


8.77638 
8.78071 
8.78503 
8.78935 
8.79366 


8.79797 
8.80227 
8.80657 
8.81087 
8.81516 


8.81945 
8.82373 
8.82801 
8.83229 
8.83656 


8.84082 
8.84509 
8.84934 
8.85360 
8.85785 


8.86210 
8.86634 
8.87058 
8.87481 
8.87904 


n 


153610 
153374 
153139 
152905 
152672 


152439 
152207 
151976 
151745 
151515 


-151286 
-151057 
-150830 
150602 
150376 


150150 
149925 
149701 
149477 
149254 


-149031 
-148810 
-148588 
148368 
148148 


-147929 
147711 
147493 
147275 
147059 


146843 
-146628 
146413 
146199 
145985 


145773 
145560 
145349 
145138 
144928 


144718 
144509 
-144300 
144092 
143885 


143678 
143472 
143267 
143062 
142857 


Hee 
Tears os 


WWNNHHN NWNNN Wee 
SODARD ARONH COMAD 


RF SODAR ORSON 


BESSA SANAS SINAN Ata stats tats ASA Ata A433: 
COTD Opes 


SESSA PERBR Bee ese wwwwe 


n2 


49.1401 
49.2804 
49.4209 
49.5616 
49.7025 


49.8436 
49.9849 
50.1264 
50.2681 
50.4100 


50.5521 
50.6944 
50.8369 
50.9796 
§1.1225 


51.2656 
51.4089 
51.5524 
51.6961 
51.8400 


51.9841 
52.1284 
52.2729 
52.4176 
52.5625 


52.7076 
52.8529 
52.9984 
53.1441 
53.2900 


53.4361 
53,5824 
53.7289 
53,8756 
54.0225 


54.1696 
54.3169 
54.4644 
54,6121 
54.7600 


54.9081 
55.0564 
55.2049 
55.3536 
55.5025 


55.6516 
55.8009 
55.9504 
56.1001 
56.2500 


n> 


344.472 
345.948 
347,429 
348.914 
350,403 


351.896 
353.393 
354.895 
356.401 
357.911 


359,425 
360.944 
362.467 
363.994 
365.526 


367.062 
368.602 
370.146 
371.695 
373.248 


374.805 
376.367 
377.933 
379.503 
381.078 


382,657 
384,241 
385.828 
387.420 
389.017 


390.618 
392.223 
393.833 
395.447 
397.065 


398.688 
400.316 
401.947 
403.583 
405.224 


406.869 
408.518 
410.172 
411.831 
413.494 


415,161 
416.883 
418.509 
420.190 
421.875 


MATHEMATICS 


Nn 


2.64764 
2.64953 
2.65141 
2.65330 
2.65518 


2.65707 
2.65895 
2.66083 
2.66271 
2.66458 


2.66646 
2.66833 
2.67021 
2.67208 
2.67395 


2.67582 
2.67769 
2.67955 
2.68142 
2.68328 


2.68514 
2.68701 
2.68887 
2.69072 
2.69258 


2.69444 
2.69629 
2.69815 
2.70000 
2.70185 


2.70370 
2.70555 
2.70740 
2.70924 
2.71109 


2.71293 
2.71477 
2.71662 
2.71846 
2.72029 


2.72213 
2.72397 
2.72580 
2.72764 
2.72947 


2.73130 
2.73313 
2.73496 
2.73679 
2.73861 


N10 n 


8.37257 
8.37854 
8.38451 
8.39047 
8.39643 


8.40238 
8.40833 
8.41427 
8.42021 
8.42615 


8.43208 
8.43801 
8.44393 
8.44985 
8.45577 


8.46168 
8.46759 
8.47349 
8.47939 
8.48528 


8.49117 
8.49706 
8.50294 
8.50882 
8.51469 


8.52056 
8.52643 
8.53229 
8.53815 
8.54400 


8.54985 
8.55570 
8.56154 
8.56738 
8.57321 


8.57904 
8.58487 
8.59069 
8.59651 
8.60233 


8.60814 
8.61394 
8.61974 
8.62554 
8.63134 


8.63713 
8.64292 
8.64870 
8.65448 
8.66025 


Xn 


1.91384 
1.91475 
1.91566 
1.91657 
1.91747 


1.91838 
1,91929 
1.92019 
1.92109 
1.92200 


1.92290 
1.92380 
1.92470 
1.92560 
1.92650 


1.92740 
1.92829 
1.92919 
1.93008 
1.93098 


1.93187 
1.93277 
1.93366 
1.93455 
1.93544 


1.93633 
1.93722 
1.93810 
1.93899 
1.93988 


1.94076 
1.94165 
1.94253 
1,94341 
1.94430 


1.94518 
1.94606 
1.94694 
1.94782 
1.94870 


1.94957 
1.95045 
1.95132 
1.95220 
1.95307 


1.95395 
1,95482 
1.95569 
1.95656 
1.95743 


Vion 


4.12325 
4.12521 
4.12716 


4.12912 
4.13107 


4.13303 
4.13498 
4.13695 
4.13887 
4.14082 


4.14276 
4.14470 
4.14664 
4.14858 
4.15051 


4.15245 
4.15438 
4.15631 
4.15824 
4.16017 


4.16209 
4.16402 
4.16594 
4,16786 
4,16978 


4.17169 
4.17361 
4.17552 
4.17743 
4.17934 


4,18125 
4.18315 
4.18506 
4.18696 
4.18886, 


4.19076 
4.19266 
4.19455 
4,19644 
4,19834 


4,20023 
4.20212 
4.20400 
4,20589 
4.20777 


4,20965 
4.21153 
4,21341 
4.21529 
4.21716 


*i00n 


8.88327 
8.88749 
8.89171 
8.89592 
8.90013 


8.90434 
8.90854 
8.91274 
8.91693 
8.92112 


8.92531 
8.92949 
8.93367 
8.93784 
8.94201 


8.94618 
8.95034 
8.95450 
8.95866 
8.96281 


8.96696 
8.97110 
8.97524 
8.97988 
8.98351 


8.98764 
8.99176 
8.99588 
9.00000 
9.00411 


9.00822 
9.01233 
9.01643 
9.02053 
9.02462 


9.02871 
9.03280 
9.03689 
9.04097 
9.04504 


9.04911 
9.05318 
9.05725 
9.06131 
9.06537 


9.06942 
9.07347 
9.07752 
9.08156 
9.08560 


ae 
n 


— 


142653 
142450 
142248 
142046 
141844 


141648 
141443 
141248 
-141044 
140845 


140647 
140449 
140253 
-140056 
-139860 


-139665 
-139470 
-139276 
-139082 
138889 


-138696 
-138504 
-138313 
-138122 
-137931 


137741 
137552 
-137363 
137174 
-136986 


-136799 
136612 
-136426 
-186240 
-136054 


-135870 
135685 
135501 
135318 
135136 


134953 
134771 
-134596 
134409 
134228 


134048 
-133869 
133690 
133511 
133338 


| 
: 
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MATHEMATICS 27 


nt n3 Nn |~Vion| ~n | M0n|*i00n = 


n 


56.4001 | 423.565 | 2.74044 | 8.66603 | 1.95830 | 4.21904 | 9.08964 | .133156 
56.5504 | 425.259 | 2.74226 | 8.67179 | 1.95917 | 4.22091 | 9.09367 | .132979 
56.7009 | 426.958 | 2.74408 | 8.67756 | 1.96004 | 4.22278 | 9.09770 | .132802 
56.8516 | 428.661 | 2.74591 | 8.68332 | 1.96091 | 4.22465 | 9.10173 | .132626 
57.0025 | 430.369 | 2.74773 | 8.68907 | 1.96177 | 4.22651 | 9.10575 | ,132450 


57.1536 | 432.081 | 2.74955 | 8.69483 | 1.96264 | 4.22838 | 9.10977 | .132275 
57.3049 | 433,798 | 2.75136 | 8.70057 | 1.96350 | 4.23024 | 9.11378 | .132100 
57.4564 | 435.520 | 2.75318 | 8.70632 | 1.96437 | 4.23210 | 9.11779 | .131926 
57.6081 | 437.245 | 2.75500 | 8.71206 | 1.96523 | 4.23396 | 9.12180 | .131752 
57.7600 | 438.976 | 2.75681 | 8.71780 | 1.96610 | 4.23582 | 9.12581 | .131579 


57.9121 | 440,711 | 2.75862 | 8.72353 | 1.96696 | 4.23768 | 9.12981 | .131406 
58.0644 | 442.451 | 2.76043 | 8.72926 | 1.96782 | 4.23954 | 9.13380 | .131234 
58.2169 | 444.195 | 2.76225 | 8.73499 | 1.96868 | 4.24139 | 9.13780 | .131062 
58.3696 | 445.994 | 2.76405 | 8.74071 | 1.96954 | 4.24324 | 9.14179 | .130890 
58.5225 | 447.697 | 2.76586 | 8.74643 | 1.97040 | 4.24509 | 9.14577 | .130719 


58.6756 | 449.455 | 2.76767 | 8.75214 | 1.97126 | 4.24694 | 9.14976 | .130548 
58.8289 | 451.218 | 2.76948 | 8.75785 | 1.97211 | 4.24879 | 9.15374 | .130378 
58.9824 | 452.985 | 2.77128 | 8.76356 | 1.97297 | 4.25063 | 9.15771 ; .130208 
59.1361 | 454.757 | 2.77308 | 8.76926 | 1.97383 | 4.25248 | 9.16169 | .130089 
59.2900 | 456.533 | 2.77489 | 8.77496 | 1.97468 | 4.25432 | 9.16566 | .129870 


59.4441 | 458.314 | 2.77669 | 8.78066 | 1.97554 | 4.25616 | 9.16962 | .129702 
59.5984 | 460.100 | 2.77849 | 8.78635 | 1.97639 | 4.25800 | 9.17359 | .129534 
59.7529 | 461.890 | 2.78029 | 8.79204 | 1.97724 | 4.25984 | 9.17754 | .129366 
59.9076 | 463.685 | 2.78209 | 8.79773 | 1.97809 | 4.26168 | 9.18150 | .129199 
60.0625 | 465.484 | 2.78388 | 8.80341 | 1.97895 | 4.26351 | 9.18545 | .129032 


60.2176 | 467.289 | 2.78568 | 8.80909 | 1.97980 | 4.26534 | 9.18940 | .128866 
60.3729 | 469.097 | 2.78747 | 8.81476 | 1.98065 | 4.26717 | 9.19335 | .128700 
60.5284 | 470.911 | 2.78927 | 8.82043 | 1.98150 | 4.26900 | 9.19729 | .128535 
60.6841 | 472.729 | 2.79106 | 8.82610 | 1.98234 | 4.27083 | 9.20123 | .128370 
60.8400 | 474.552 | 2.79285 | 8.83176 | 1.98319 | 4.27266 | 9.20516 | .128205 


60.9961 | 476.380 | 2.79464 | 8.83742 | 1.98404 | 4.27448 | 9.20910 | .128041 
61.1524 | 478,212 | 2.79643 | 8.84308 | 1.98489 | 4.27631 | 9.21303 | 127877 
61.3089 | 480.049 | 2.79821 | 8.84873 | 1.98573 | 4.27813 | 9.21695 | .127714 
61.4656 | 481.890 | 2.80000 | 8.85438 | 1.98658 | 4.27995 | 9.22087 | .127551 
61,6225 | 483.737 | 2.80179 | 8.86002 | 1.98742 | 4.28177 | 9.22479 | .127389 


61.7796 | 485.588 | 2.80357 | 8.86566 | 1.98826 | 4.28359 | 9.22871 | 127227 
61.9369 | 487.443 | 2.80535 | 8.87130 | 1.98911 | 4.28540 | 9.23262 | 127065 
62.0944 | 489.304 | 2.80713 | 8.87694 | 1.98995 | 4.28722 | 9.23653 | .126904 
62.2521 | 491.169 | 2.80891 | 8.88257 | 1.99079 | 4.28903 | 9.24043 | .126743 
62.4100 | 493.039 | 2.81069 | 8.88819 | 1.99163 | 4.29084 | 9.24433 | 126582 


62.5681 | 494.914 | 2.81247 | 8.89382 | 1.99247 | 4.29265 | 9.24823 | 126422 
62.7264 | 496.793 | 2.81425 | 8.89944 | 1.99331 | 4.29446 | 9.25213 | .126263 
62.8849 | 498.677 | 2.81603 | 8.90505 | 1.99415 | 4.29627 | 9.25602 | 126103 
63.0436 | 500.566 | 2.81780 | 8.91067 | 1.99499 | 4.29807 | 9.25991 | ,125945 
63.2025 | 502.460 | 2.81957 | 8.91628 | 1.99582 | 4.29987 | 9.26380 | 125786 


63.3616 | 504.358 | 2.82135 | 8.92188 | 1.99666 | 4.30168 | 9.26768 | .125628 
63.5209 | 506.262 | 2.82312 | 8.92749 | 1.99750 | 4.30348 | 9.27156 | .125471 
63.6804 | 508.170 | 2.82489 | 8.93308 | 1.99833 | 4.30528 | 9.27544 | 125318 
63.8401 | 510.082 | 2.82666 | 8.93868 | 1.99917 | 4.30707 | 9.27931 | .125156 
64.0000 f 512,000 | 2.82843 | 8.94427 | 2.00000 | 4.30887 | 9.28318 | .125000 


28 MATHEMATICS 
3; 3) 1 

mn | mn? | ni | Vn |V0n| Yn | 0n|*00n| - 
8.01 | 64.1601 | 513.922 | 2.83019 | 8.94986 | 2.00083 | 4.31066 | 9.28704 | .124844 
8.02 | 64.3204 | 615.850 | 2.83196 | 8.95545 | 2.00167 | 4.31246 | 9.29091 | .124688 
8.03 | 64.4809 | 517.782 | 2.83373 | 8.96103 | 2.00250 | 4.31425 | 9.29477 | .124533 
8.04 | 64.6416 |-519.718 | 2.83549 | 8.96660 | 2.00333 | 4.31604 | 9.29862 | .124378 
8.05 | 64.8025 | 521.660 | 2.83725 | 8.97218 | 2.00416 | 4.31783 | 9.30248 | .124224 
8.06 | 64.9636 | 523.607 | 2.83901 | 8.97775 | 2.00499 | 4.31961 | 9.30633 | .124070 
8.07 | 65.1249 | 525.558 | 2.84077 | 8.98332 | 2.00582 | 4.32140 | 9.31018 | .123916 
8.08 | 65.2864 | 527.514 | 2.84253 | 8.98888 | 2.00664 | 4.32818 | 9.31402 | .123762 
8.09 | 65.4481 | 529.475 | 2.84429 | 8.99444 | 2.00747 | 4.32497 | 9.31786 | .123609 
8.10 | 65.6100 | 531.441 | 2.84605 | 9.00000 | 2.00830 | 4.32675 | 9.32170 | .123457 
8.11 | 65.7721 | 533.412 | 2.84781 | 9.00555 | 2.00912 | 4.32853 | 9.32553 | .123305 
8.12 | 65.9344 | 535.387 | 2.84956 | 9.01110 | 2.00995 | 4.33031 | 9.32936 | .123153 
8.13 | 66.0969 | 537.368 | 2.85132 | 9.01665 | 2.01078 | 4.33208 | 9.33319 | .123001 
8.14 | 66.2596 | 539.353 | 2.85307 | 9.02219 | 2.01160 | 4.33386 | 9.33702 | .122850 
8.15 | 66.4225 | 641.343 | 2.85482 | 9.02774 | 2.01242 | 4.33563 | 9.34084 | .122699 
8.16 | 66.5856 | 548.338 | 2.85657 | 9.03327 | 2.01325 | 4.33741 | 9.34466 | .122549 
8.17 | 66.7489 | 545.339 | 2.85832 | 9.03881 | 2.01407 | 4.33918 | 9.34847 | .122399 
8.18 | 66.9124 | 547.343 | 2.86007 | 9.04434 | 2.01489 | 4.34095 | 9.35229 | 122249 
8.19 | 67.0761 | 549.353 | 2.86182 | 9.04986 | 2.01571 | 4.34272 | 9.35610 | .122106 
8.20 | 67.2400 | 551.368 | 2.86356 | 9.05539 | 2.01653 | 4.34448 | 9.35990 | .121951 
8.21 | 67.4041 | 553.388 | 2.86531 | 9.06091 | 2.01735 | 4.34625 | 9.36370 | .121803 
8.22 | 67.5684 | 555.412 | 2.86705 | 9.06642 | 2.01817 | 4.34801 | 9.36761 | .121665 
8.23 | 67.7329 | 557.442 | 2.86880 | 9.07198 | 2.01899 | 4.34977 | 9.37130 | .121507 
8.24 | 67.8976 | 559.476 | 2.87054 | 9.07744 | 2.01980 | 4.35153 | 9.37610 | .121359 
8.25 | 68.0625 | 561.516 | 2.87228 | 9.08295 | 2.02062 | 4.35329 | 9.37889 | .121212 
8.26 | 68.2276 | 563.560 | 2.87402 | 9.08845 | 2.02144 | 4.35505 | 9.38268 | .121065 
8.27 | 68.3929 | 565.609 | 2.87576 | 9.09395 | 2.02225 | 4.35681 | 9.38646 | .120919 
8.28 | 68.5584 | 567.664 | 2.87750 | 9.09945 | 2.02307 | 4.35856 | 9.39024 | .120773 
8.29 | 68.7241 | 569.723 | 2.87924 | 9.10494 | 2.02388 | 4.36032 | 9.39402 | .120627 
8.30 | 68.8900 | 571.787 | 2.88097 | 9.11043 | 2.02469 | 4.36207 | 9.39780 | .120482 
8.31 | 69.0561 | 573.856 | 2.88271 | 9.11592 | 2.02551 | 4.36382 | 9.40157 | .120337 
8.32 | 69.2224 | 575.9380 | 2.88444 | 9.12140 | 2.02632 | 4.36557 | 9.40534 | .120192 
8.33 | 69.3889 | 578.010 | 2.88617 |} 9.12688 | 2.02713 | 4.36732 | 9.40911 | .120048 
8.34 | 69.5556 | 580.094 |} 2.88791 | 9.13236 | 2.02794 | 4.36907 | 9.41287 | .119904 
8.35 | 69.7225 | 582.183 | 2.88964 | 9.13783 | 2.02875 | 4.37081 | 9.41663 | .119761 
8.36 | 69.8896 | 584.277 | 2.89137 | 9.14330 | 2.02956 | 4.37255 | 9.42039 | .119617 
8.37 | 70.0569 | 586.376 | 2.89310 | 9.14877 | 2.03037 | 4.37430 | 9.42414 | .119474 
8.38 | 70.2244 | 588.480 | 2.89482 | 9.15423 | 2.03118 | 4.37604 | 9.42789 | .119332 
8.39 | 70.3921 | 590.590 | 2.89655 | 9.15969 | 2.05199 | 4.37778 | 9.43164 | .119190 
8.40 | 70.5600 | 592.704 | 2.89828 | 9.16515 | 2.03279 | 4.37952 | 9.43539 | .119048 
8.41 | 70.7281 | 594.823 | 2.90000 | 9.17061 | 2.03460 | 4.38126 | 9.43913 | .118906 
8.42 | 70.8964 | 596.948 | 2.90172 | 9.17606 | 2.03440 | 4.38299 | 9.44287 | .118765 
8.43 | 71.0649 | 599.077 | 2.90345 | 9.18150 | 2.03521 | 4.38473 | 9.44661 | 118624 
8.44 | 71.2336 | 601.212 | 2.90517 | 9.18695 | 2.03601 | 4.38646 | 9.45034 | 118483 
8.45 | 71.4025 | 603.351 | 2.90689 | 9.19239 | 2.03682 | 4.38819 | 9.45407 | .118343 
8.46 | 71.5716 | 605.496 | 2.90861 | 9.19783 | 2.03762 | 4.38992 | 9.45780 | .118203 
8.47 | 71.7409 | 607.645 | 2.91033 | 9.20326 | 2.08842 | 4.39165 | 9.46152 | 118064 
8.48 | 71.9104 | 609.800 | 2.91204 | 9.20869 | 2.03923 | 4.39338 | 9.46525 | .117925 
8.49 | 72.0801 | 611.960 | 2.91376 | 9.21412 | 2.04003 | 4.39511 | 9.46897 | .117786 
8.50 | 72.2500 | 614.125 | 2.91548 | 9.21954 | 2.04083 | 4.39683 | 9.47268 | .117647T 


— 


MATHEMATICS 29 
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n | me n3 Nn | vi0on| Yn | Vion | Ni00n 
8.51 | 72.4201 | 616.295 | 2.91719 | 9.22497 | 2.04163 | 4.39855 | 9.47640 | .117509 
8.52 | 72.5904 | 618.470 | 2.91890 | 9.23038 | 2.04243 | 4.40028 | 9.48011 | .117371 
8.53 | 72.7609 | 620.650 | 2.92062 | 9.23580 | 2.04323 | 4.40200 | 9.48381 | .117233 
8.54 | 72.9316 | 622.836 | 2.92233 | 9.24121 | 2.04402 | 4.40372 | 9.48752 | .117096 
8.55 | 73.1025 | 625.026 | 2.92404 | 9.24662 | 2.04482 | 4.40543 | 9.49122 | 1116959 
8.56 i 13.2736 | 627.222 | 2.92575 | 9.25203 | 2.04562 | 4.40715 | 9.49492 | .116822 
8.57 | 73.4449 | 629.423 | 2.92746 | 9.25743 | 2.04641 | 4.40887 } 9.49861 | .116686 
8.58 | 73.6164 | 631.629 | 2.92916 | 9.26283 | 2.04721 | 4.41058 | 9.50231 | .116550 
8.59 | 73.7881 | 633.840 | 2.93087 | 9.26823 | 2.04801 | 4.41229 | 9.50600 | .116414 
8.60 | 73.9600 | 636.056 | 2.93258 | 9.27362 | 2.04880 | 4.41400 | 9.50969 | .116279 
8.61 | 74.1321 | 638.277 | 2.93428 | 9.27901 | 2.04959 | 4.41571 | 9.51337 | .116144 
8.62 | 74.3044 | 640.504 | 2.93598 | 9.28440 | 2.05039 | 4.41742 | 9.51705 | .116009 
8.63 | 74.4769 | 642.736 | 2.93769 | 9.28978 | 2.05118 | 4.41913 | 9.52073 | .115875 
8.64 | 74.6496 | 644.973 | 2.93939 | 9.29516 | 2.05197 | 4.42084 | 9.52441 | 115741 
8.65 | 74.8225 | 647.215 | 2.94109 | 9.30054 | 2.05276 | 4.42254 | 9.52808 | 115607 
8.66 | 74.9956 | 649.462 | 2.94279 | 9.30591 | 2.05355 | 4.42425 | 9.53175 | 115473 
8.67 | 75.1689 | 651.714 | 2.94449 | 9.31128 | 2.05434 | 4.42595 | 9.53542 | .115340 
8.68 | 76.3424 | 653.972 | 2.94618 | 9.31665 | 2.05513 | 4.42765)| 9.53908 | .115207 
8.69 | 75.5161 | 656.235 | 2.94788 | 9.32202 | 2.05592 | 4.42935 | 9.54274 | .115075 
8.70 | 75.6900 | 658.503 | 2.94958 | 9.32738 | 2.05671 | 4.43105 | 9.54640 | 114943 
8.71 | 75.8641 | 660.776 | 2.95127 | 9.33274 | 2.05750 | 4.43274 | 9.55006 | .114811 
8.72 | 76.0384 | 663.055 | 2.95296 | 9.33809 | 2.05828 | 4.43444 | 9.55371 | .114679 
8.73 | 76.2129 | 665.339 | 2.95466 | 9.34345 | 2.05907 | 4.43614 | 9.55736 | .114548 
8.74 | 76.3876 | 667.628 | 2.95635 | 9.34880 | 2.05986 | 4.43783 | 9.56101 | 114417 
8.75 | 76.5625 | 669.922 | 2.95804 | 9.35414 | 2.06064 | 4.43952 | 9.56466 | 114286 
8.76 | 76.7376 | 672.221 | 2.95973 | 9.35949 | 2.06143 | 4.44121 | 9.56830 | 114155 
8.77 | 76.9129 | 674.526 | 2.96142 | 9.36483 | 2.06221 | 4.44290 | 9.57194 | .114025 
8.78 | 77.0884 | 676.836 | 2.96311 | 9.37017 | 2.06299 | 4.44459 | 9.57557 | .113895 
8.79 | 77.2641 | 679.151 | 2.96479 | 9.37550 | 2.06378 | 4.44627 | 9.57921 | .113766 
8.80 | 77.4400 | 681.472 | 2.96648 | 9.38083 | 2.06456 | 4.44796 | 9.58284 | 113636 
8.81 | 77.6161 | 683.798 | 2.96816 | 9.38616 | 2.06534 | 4.44964 | 9.58647 | .113507 
8.82 | 77.7924 | 686.129 | 2.96985 | 9.39149 | 2.06612 | 4.45133 | 9.59009 | .113379 
8.83 | 77.9689 | 688.465 | 2.97153 | 9.39681 | 2.06690 |} 4.45301 | 9.59372 | .113250 
8.84 | 78.1456 | 690.807 | 2.97321 | 9.40213 | 2.06768 | 4.45469 | 9.59734 | 113122 
8.85 | 78.3225 | 693.154 | 2.97489 | 9.40744 | 2.06846 | 4.45637 | 9.60095 | 112994 
8.86 | 78.4996 | 695.506 | 2.97658 | 9.41276 | 2.06924 | 4.45805 | 9.60457 | .112867 
8.87 | 78.6769 | 69% .864 | 2.97825 | 9.41807 | 2.07002 | 4.45972 | 9.60818 | .112740 
8.88 | 78.8544 | 700.227 | 2.97993 | 9.42338 | 2.07080 | 4.46140 | 9.61179 | .112613 
8.89 | 79.0321 | 702.595 | 2.98161 | 9.42868 | 2.07157 | 4.46307 | 9.61540 | 112486 
8.90 | 79.2100 | 704.969 | 2.98329 | 9.43398 | 2.07235 | 4.46474 | 9.61900 | .112360 
8.91 | 79.3881 | 707.348 | 2.98496 | 9.43928 | 2.07313 | 4.46642 | 9.62260 | .112233 
8.92 | 79.5664 | 709.732 | 2.98664 | 9.44458 | 2.07390 | 4.46809 | 9 62620 | .112108 
8.93 | 79.7449 | 712.122 | 2.98831 | 9.44987 | 2.07468 | 4.46976 | 9.62980 | .111982 
8.94 | 79.9236 | 714.517 | 2.98998 | 9.45516 | 2.07545 | 4.47142 | 9.63339 | .111857 
8.95 | 80.1025 | 716.917 | 2.99166 | 9.46044 | 2.07622 | 4.47309 } 9.63698 | .111732 
8.96 | 80.2816 | 719.323 | 2.99333 | 9.46573 | 2.07700 | 4.47476 | 9.64057 | .111607 
8.97 | 80.4609 | 721.734 | 2.99500 | 9.47101 | 2.07777 | 4.47642 | 9.64415 | .111483 
8,98 | 80.6404 | 724,151 | 2.99666 | 9.47629 | 2.07854 | 4.47808 | 9.64774 | 111359 
§.99 | 80.8201 | 726.573 | 2.99833 | 9.48156 | 2.07981 | 4.47974 | 9.65132 | .111235 
9.00 | 81.0000 | 729.000 | 3.00000 | 9.48683 | 2.08008 | 4.48140 | 9.65489 | .111111 


- 
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9.01 | 81.1801 | 731.433 | 3.00167 | 9.49210 | 2.08085 | 4.48306 | 9.65847 | .110988 
9.02 | 81.3604 | 733.871 | 3.00333 | 9.49737 | 2.08162 | 4.48472 | 9.66204 | .110865 
9.03 | 81.5409 | 736.314 | 3.00500 | 9.50263 | 2.08239 | 4.48638 | 9.66561 | .110742 
9.04 | 81.7216 | 738.763 | 3.00666 | 9.50789 | 2.08316 | 4.48803 | 9.66918 | .110620 
9,05 | 81.9025 | 741.218 | 3.00832 | 9.51315 | 2.08393 | 4.48968 | 9.67274 | .110497 


82.0836 | 743.677 | 3.00998 | 9.51840 | 2.08470 | 4.49134 | 9.67630 | .110375 
82.2649 | 746.143 | 3.01164 | 9.52365 | 2.08546 | 4.49299 | 9.67986 | .110254 
82.4464 | 748,613 | 3.01330 | 9.52890 | 2.08623 | 4.49464 | 9.68342 | .110182 
82.6281 | 751.089 | 3.01496 | 9.53415 | 2.08699 | 4.49629 | 9.68697 | .110011 
82.8100 | 753.571 | 3.01662 | 9.53939-| 2.08776 | 4.49794 | 9.69052 | .109890 


82.9921 | 756.058 | 3.01828 | 9.54463 | 2.08852 | 4.49959 | 9.69407 | .109770 
83.1744 | 758.551 | 3.01993 | 9.54987 | 2.08929 } 4.50123 | 9.69762 | ,109649 
83.3569 | 761.048 | 3.02159 | 9.55510 | 2.09005 | 4.50288 | 9.70116 | ,109529 
83.5396 | 763.552 | 3.02324 | 9.56033 | 2.09081 | 4.50452 | 9.70470 | .109409 
83.7225 | 766.061 | 3.02490 | 9.56556 | 2.09158 | 4.50616 | 9.70824 | .109290 


83.9056 | 768.575 | 3.02655 | 9.57079 | 2.09234 | 4.50780 | 9.71177 | .109170 
84.0889 | 771.095 | 3.02820 | 9.57601 | 2.09310 | 4.50945 | 9.71531 | .109051 
84.2724 | 773.621 | 3.02985 | 9.58123 | 2.09386 | 4.51108 | 9.71884 | .108933 
84.4561 | 776,152 | 3.03150 | 9.58645 | 2.09462 | 4.51272 | 9.72236 | 108814 
84.6400 | 778.688 | 3.03315 | 9.59166 | 2.09538 | 4.51436 | 9.72589 | .108696 


84.8241 | 781.230 | 3.03480 | 9.59687 | 2.09614 | 4.51599 | 9.72941 | .108578 
85.0084 | 783.777 | 3.03645 | 9.60208 | 2.09690 | 4.51763 | 9.73293 | .108460 
85.1929 | 786.330 | 3.03809 | 9.60729 } 2.09765 | 4.51926 | 9.73645 | .108342 
85.3776 | 788.889 | 3.03974 | 9.61249 | 2.09841 | 4.52089 | 9.73996 | 108225 
85.5625 | 791.453 | 3.04138 | 9.61769 | 2.09917 | 4.52252 | 9.74348 | .108108 


85.7476 } 794.023 | 3.04302 | 9.62289 | 2.09992 | 4.52415 | 9.74699 | .107991 
85,9329 | 796.598 | 3.04467 | 9.62808 | 2.10068 | 4.52578 | 9.75049 | .107875 
86.1184 | 799.179 | 3.04631 | 9.63328 | 2.10144 | 4.52740 | 9.75400 | .107759 
86.3041 | 801.765 | 3.04795 | 9.63846 | 2.10219 | 4.52903 | 9.75750 | .107643 
86.4900 | 804.357 | 3.04959 | 9.64365 | 2.10294 | 4.53065 | 9.76100 | .107527 
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86.6761 | 806.954 | 3.05123 } 9.64883 | 2.10370 | 4.53228 | 9.76450 | 107411 
86.8624 | 809.558 | 3.05287 | 9.65401 | 2.10445 | 4.53390 | 9.76799 | .107296 
87.0489 | 812.166 | 3.05450 | 9.65919 | 2.10520 | 4.53552 | 9.77148 | 107181 
87.2356 | 814.781 | 3.05614 | 9.66437 | 2.10595 | 4.53714 | 9.77497 | .107066 
87.4225 | 817.400 | 3.05778 | 9.66954 | 2.10671 | 4.53876 | 9.77846 | .106952 
87.6096 | 820.026 | 3.05941 | 9.67471 | 2.10746 | 4.54038 | 9.78195 | .106838 
87.7969 | 822.657 | 3.06105 | 9.67988 | 2.10821 | 4.54199 | 9.78543 | 106724 
9. 87.9844 | 825.294 | 3.06268 | 9.68504 | 2.10896 | 4.54361 | 9.78891 | .106610 
9. 88.1721 | 827.936 | 3.06431 | 9.69020 | 2.10971 | 4.54522 | 9.79239 | .106496 
9. 88.3600 | 830,584 | 3.06594 | 9.69536 | 2.11045 | 4.54634 | 9.79586 | 106383 
9.41 | 88,5481 | 833.238 | 3.06757 | 9.70052 | 2.11120 | 4.54845 | 9.79933 | .106270 
9.42 | 88.7364 | 835.897 | 3.06920 | 9.70567 | 2.11195 | 4.55096 | 9.80280 | .106157 
0. 88.9249 } 838.562 | 3.07083 | 9.71082 | 2.11270 | 4.55167 | 9.80627 | 106045 
9. 89.1136 | 841.232 | 3.07246 | 9.71597 | 2.11344 | 4.55328 | 9.80974 | .105932 
9. 89.3025 | 843.909 | 3.07409 | 9.72111 | 2.11429 | 4.55488 | 9.81320 | .105820 
9.46 | 89.4916 | 846,591 | 3.07571 | 9.72625 | 2.11494 | 4.55649 | 9.81666 | .105708 
9.47 | 89.6809 | 849.278 | 3.07734 | 9.73139 | 2.11568 | 4.55809 | 9.82012 | .105597 
9.48 | 89.8704 | 851.971 | 3.07896 | 9.73653 | 2.11642 | 4.55970 | 9.82357 | .105485 
9.49 | 90.0601 | 854.670 | 3.08058 | 9.74166 | 2.11717 | 4.56130 | 9.82703 | .105374 
9.50 | 90.2500 | 857.375 | 3.08221 | 9.74679 | 2.11791 | 4.56290 | 9.83048 | 105263 
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n | nt | n8 | va |vion| %m | Hon|*00n! 2 


1 | 90.4401 | 860.085 | 3.08383 | 9.75192 | 2.11865 | 4.56450 | 9.83392 | .105153 
% | 90.6304 | 862.801 | 3.08545 | 9.75705 | 2.11940 | 4.56610 | 9.83737 | .105042 
3 | 90.8209 | 865.523 | 3.08707 | 9.76217 | 2.12014 | 4.56770 | 9.84081 | 104932 
4 | 91.0116 | 868.251 | 3.08869 | 9.76729 | 2.12088 | 4.56930 | 9.84425 | .104822 
5 | 91.2025 | 870.984 | 3.09031 | 9.77241 | 2.12162 | 4.57089 | 9.84769 | .104712 
6 


B 91.3936 | 873.723 | 3.09192 | 9.77753 | 2.12236 | 4.57249 | 9.85113 | .104603 
57 | 91.5849 | 876.467 | 3.09354 | 9.78264 | 2.12310 | 4.57408 | 9.85456 | .104493 
9.58 | 91.7764 | 879.218 | 3.09516 | 9.78775 | 2.12384 | 4.57568 | 9.85799 | .104384 
9.59 | 91.9681 | 881.974 | 3.09677 | 9.79285 | 2.12458 | 4.57727 | 9.86142 | .104275 
9.60 | 92.1600 | 884.736 | 3.09839 | 9.79796 | 2.12532 | 4.57886 | 9.86485 | ,104167 


9.61 | 92.3521 | 887.504 | 3.10000 | 9.80306 | 2.12605 | 4.58045 | 9.86827 | .104058 
9.62 | 92.5444 | 890.277 | 3.10161 | 9.80816 | 2.12679 | 4.58203 | 9.87169 | .103950 
9.63 | 92.7369 | 893.056 | 3.10322 | 9.81326 | 2.12753 | 4.58362 | 9.87511 | .103842 
9.64 | 92.9296 | 895.841 | 3.10483 | 9.81835 | 2.12826 | 4.58521 | 9.87853 | .103734 
9.65 | 93.1225 | 898.632 | 3.10644 | 9.82344 | 2.12900 | 4.58679 | 9.88195 | .103627 


66 | 93.3156 | 901.429 | 3.10805 | 9.82853 | 2.12974 | 4.58838 | 9.88536 | .103520 
67 | 93.5089 | 904.231 | 3.10966 | 9.83362 | 2.13047 | 4.58996 | 9.88877 | .103413 
9.68 | 93.7024 | 907.039 | 3.11127 | 9.83870 | 2.13120 | 4.59154 | 9.89217 | .103306 
Ae 93.8961 | 909.853 | 3.11288 | 9.84378 | 2.13194 | 4.59312 | 9.89558 | .103199 
0 
71 
12 


Paabad 


94.0900 | 912.673 | 3.11448 | 9.84886 | 2.13267 | 4.59470 | 9.89898 | .103093 


94.2841 | 915.499 | 3.11609 | 9.85393 | 2.13340 | 4.59628 | 9.90238 | .102987 
94.4784 | 918.330 | 3.11769 | 9.85901 | 2.13414 | 4.59786 | 9.90578 | 102881 
9.73 | 94.6729 | 921.167 | 3.11929 | 9.86408 | 2.13487 | 4.59943 | 9.90918 | .102775 
9.14 | 94.8676 | 924.010 | 3.12090 | 9.86914 | 2.13560 | 4.60101 | 9.91257 | 102669 
9.75 | 95.0625 | 926.859 | 3.12250 | 9.87421 | 2.13633 | 4.60258 | 9.91596 | .102564 


9.76 | 95.2576 | 929.714 | 3.12410 | 9.87927 | 2.13706 | 4.60416 | 9.91935 | .102459 
9.17 | 95.4529 | 932.575 | 3.12570 | 9.88433 | 2.13779 | 4.60573 | 9.92274 | .102354 
9.78 | 95.6484 | 935.441 | 3.127380 | 9.88939 | 2.13852 | 4.60730 | 9.92612 | .102250 
9.79 | 95.8441 | 938.314 | 3.12890 | 9.89444 | 2.13925 | 4.60887 | 9.92950 | .102145 
9.80 | 96.0400 | 941.192 | 3.13050 | 9.89949 | 2.13997 | 4.61044 | 9.93288 | .102041 


9.81 | 96.2361 | 944.076 | 3.13209 | 9.90454 | 2.14070 | 4.61200 | 9.93626 | .101937 
9.82 | 96.4324 | 946.966 | 3.13369 | 9.90959 | 2.14143 | 4.61357 | 9.93964 | .101833 
9.83 | 96.6289 | 949.862 | 3.13528 | 9.91464 | 2.14216 | 4.61513 | 9.94301 | .101729 
9.84 | 96.8256 | 952.764 | 3.13688 | 9.91968 | 2.14288 | 4.61670 | 9.94638 | .101626 
9.85 | 97.0225 |-955.672 | 3.13847 | 9.92472 | 2.14361 | 4.61826 | 9.94975 | .101523 


9.86 | 97.2196 | 958.585 | 3.14006 | 9.92975 | 2.14433 | 4.61983 | 9.95311 | .101420 
9.87 | 97.4169 | 961.505 | 3.14166 | 9.93479 | 2.14506 | 4.62139 | 9.95648 | .101317 
9.88 | 97.6144 | 964.430 | 3.14325 | 9.93982 | 2.14578 | 4.62295 | 9.95984 | .101215 
9.89 | 97.8121 | 967.362 | 3.14484 | 9.94485 | 2.14651 | 4.62451 | 9.96320 | .101112 
9.90 | 98.0100 | 970.299 | 3.14643 | 9.94987 | 2.14723 | 4.62607 | 9.96655 | .101010 


9.91 | 98.2081 | 973.242 | 3.14802 | 9.95490 | 2.14795 | 4.62762 | 9.96991 | ,100908 
9.92 | 98,4064 | 976.191 | 3.14960 | 9.95992 | 2.14867 | 4.62918 | 9.97326 | .100807 
9.93 | 98.6049 | 979.147 | 3.15119 | 9.96494 | 2.14940 | 4.63073 | 9.97661 | .100705 
9.94 | 98.8036 | 982.108 | 3.15278 | 9.96995 | 2.15012 | 4.63229 | 9.97996 | .100604 
9.95 | 99.0025 | 985.075 | 3.15436 | 9.97497 | 2.15084 | 4.63384 | 9.98331 | .100503 


9.96 | 99.2016 | 988.048 | 3.15595 | 9.97998 | 2.15156 | 4.63539 | 9.98665 | .100402 
9.97 | 99.4009 | 991.027 | 3.15753 | 9.98499 | 2.15228 | 4.63694 | 9.98999 | .100301 
9.98 | 99.6004 | 994.012 | 3.15911 | 9.98999 | 2.15300 , 4.63849 | 9.99333 | .100200 
9.99 | 99.8001 | 997.003 | 3.16070 | 9.99500 | 2.15372 | 4.64004 | 9.99667 | 100100 
10.00 { 100.000 | 1000.00 | 3.16228 | 10.0000 | 2.15443 | 4.64159 | 10.0000 | .100000 
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DECIMAL EQUIVALENTS OF 64ths. 


The decimal fractions printed in Roman give the value of 
the corresponding fraction to the fourth decimal place. 
given decimal fraction is rarely exactly equal to one of these 
values, and the numbers in Italic show which common fraction 
is nearest to the given decimal. Thus, lay off the fraction .1330 
in 64ths. The nearest decimal fractions are .1250 and .1406. 
The value of any fraction in Italic is the mean of the two 
adjacent fractions. In this instance, the mean fraction is .1328, 
and as .1330 is greater than this, .1406 or will be chosen. In 
the same manner the nearest 64ths corresponding to the decima\ 
fractions .3670 and .8979 are found to be @ and 83, respectively. 
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34 MATHEMATICS 


WEIGHTS AND MEASURES 
LINEAR MEASURE 


{2cinchesr(in®)aen ashe cee etl es Zavala aS Oe SUA ALI OLS fi. 
SWLSEE SEK hsm ctartenctoant eaaeene SN at Ghiin sik pierce rela @ yd. 
OPA ALAS. iene aiewie ers anadaits ete PO oe peychol ser Miniereierealeters rd. 

ADB TOUS Gt tape lee oes Sal Pur lO ee cccrarieteraterarists fur 
SMhurlongs cs secretes lero Fi Wp vat UO ns iat BROKE mi. 

in ft yd rd. fur. mt. 


36= 3= 1 
198= 163= 53= 1 
7,920= 660= 220= 40=1 
63,360 = 5,280 = 1,760 =320=8=1 


SURVEYOR’S MEASURE 


7 OD INCHES Hatemtascloxaeave twee eg Sai}: IMIDE ce rererere-al tovenanere eleventh rally 

Qo Minko ce a reecti eee Sb Od sre aie Stearns slesrteteae rd, 

4.rods=.100 links=66 feet..=1 chaine. cs. sec.e. © werenChe 

GOrch ainisse cok core va esate. Smile: 6 eyem shorn errant mi. 
mi. ch. rd. li. in. 


1=80=320=8,000 = 63,360 


SQUARE MEASURE 
{44 square inches (sq. in.)..... =1 square foot..........sq. ft. 


9 square feet............. = [squareward<.cse sss ae 
303 square yards............=1 square rod.......... sq. rd. 
160° square TOdS... css eae SSNACTOr a vavessicvs ccetetes tele. omere A. 
G40 Acres Me. cca ecwrelesleincleriers =1 square mile.,.......sq. mi, 
‘g.mt. A. sq. rd. sq. yd. sq. ft. Sq. in. 


1=640 = 102,400 = 3,097,600 = 27,878,400 = 4,014,489,600 
SURVEYOR’S SQUARE MEASURE 


325 square links (sq. li.)...... = square rod). ...)... <.0SQ.-tds 
UGisdtiare TOS) iiaraiereyeve.c euerelare =)esquare chaitte.. css: sq. ch. 
AOisquare chains oni... svertenvs SSA AOre, sacyintene ours eee A. 
AD) BETES Eirias wo ia vooas eee arene =1 square mile.........sq. mi. 
36 square miles (6 mi. square) =1 township .........-.... To. 

Sq. mt. A. ‘sq: ch. ‘sq.7d. sq. li. 


1= 640 =6,400 = 102,400 = 64,000,000 
The acre contains 4,840 sq. yd., or 43,560 sq. ft., and in 
*orm of a square is 208.71 ft. on a side.e 
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CUBIC MEASURE 
1.728 cubic inches (cu. in.) .. =1 cubic foot..........cu. ft. 


Di CUDIC :LEeb Lavine Sine whe =1 cubic yard..........cu. yd. 
128 Peubie fect ewes eos =i cornda, Series apd oemoere ced. 
242 cubic feet............ =A perch ’ a,c ee elton ee P, 


cu.yd. cu.ft.  cu.in. 
1 = 27 = 46,656 


MEASURE OF ANGLES OR ARCS 


BOisecondss (irae ee eee =minute nave aan oeeretes ul 
GO minutess:2cusic chee ee =A de oreen aici erties eases i 
SO destesien recess area Severe =1 rt. angle or quadrant.... O 
360' degrees 64:5. ¢08. eR eee ST MMCISCIE: wivinove so F oestcrere eke cir. 
1 cir. =360°= 21,600’ = 1,296,000” 
AVOIRDUPOIS WEIGHT 
AST QUANG: (BTN) \ccigierd uw steteians sl” OUTICO x tore, cneatons-Cresee rae» OZ 
TG te OUNCES... oye: setdievotterets secs Pls POURG® » aie waeteioceeere ets lb. 
POO TS DOUNAS.. cfacesetors are seve wiades =1 hundredweight ....... cwt. 
20 hundredweight or 2,000 lb=1 ton .............00.00- ARS 
T. cwt. lb. 02. gr. 
1=20 = 2,000 = 32,000 = 14,000,000 
The avoirdupois pound contains 7,000 grains. 
LONG TON TABLE 
MGIOUN CES! Ras ait Wieiete etareta onto =P pound “Acasa ci woreda eles lb. 
MU ZIGOUNAS eave cesiajacls = werner =1 hundredweight ....... cwt. 
20 hundredweight, or 2,240 lb. =1 ton ........-.eecceuees ai 
TROY WEIGHT 
DAME TAINS) (Bis) )ejolcleai street ya ste =1 pennyweight ......... pwt. 
20 pennyweights...0......+++ =A OUN CEL sete. wisi elke etal oz. 
PQHOUNCES S66: ecoir:ci si oetetane t sinterel i oyarbeaveli ane Rng Serie NA lb. 
Me oz. pwt. gr. 
= 12 = 240 = 5,760 
DRY MEASURE 
SMDIDES ue aerate oere Gee kere hete ale ittanu ete actldiscatswleretercistels at. 
Quarts saci slele icc estates oierers's Me MeCkeuierie, enoleisieheiatelevenen ts pk. 
AO CIES Hoare sieccievelale te se orsvarorerers =Apushel o.iieten. visierpfalslals)@ bu. 
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The U. S. struck bushel contains 2,150.42 cu. in. =1.2444 
cu. ft. Its dimensions are, by law, 18} in. in diameter and 
“8 in. deep. 

The heaped bushel is equal to 134 struck bushels, the cone 
‘being 6 in. high. 

For approximations, the bushel may be taken at 1} cu. ft.; 
-or 1 cu. ft. may be considered # bu. 

The British bushel contains 2,218.19 cu. in. =1.2837 cu. ft. 
-= 1.032 U. S. bushels. 


The dry gallon contains 268.8 cu. in., being 4 bu. 


LIQUID MEASURE 


A “Gills1(gi.). OAs ete es fi iostalt ces specter Aeon Re ae pt. 
Qe DINtS ¥...oh: + wwe wemceatere as BN CAT set tetera ev aveiey ss ave ccserct qt. 
eT CUATUSSinenn cans lorersticisce cis sehe SSTINGAHONS, reeset eke gal. 
SL RALONS Wats crete ove el pstaciets = barrell. Wansarererirne accents bbl. 
2 barrels, or 63 gallons..... =r hogsheadscc.c cies move Ge 


hhd. bbl. gal. qt. pt. gi. 
1 = 2 = 63 = 252 = 504 2,016 
The U. S. gallon contains 231 cu. in.=.134 cu. ft., nearly; 
or j cu. ft. contains 7.48 gal. 


ll 


The following cylinders contain the given measures very 
closely: 


Diam. Height Diam. Height 

Inches Inches Inches Inches 
Giles aeiccies hearts 2 3 Gallonenie. meen. 7 6 
Pirrtyoiye ctestovereeete 34 3 S gallons)... 14 12 
QWart Soiciesae 34 6 10 gallons ...... 14 15 


With water at its maximum density 1 cu. ft. weighs 62.425 
lb. and 1 gal. of pure water weighs 8.345 lb. 

For approximations, 1 cu. ft. of water is considered equal 
to 734 gal., and 1 gal. as weighing 8} lb. 

The British imperial gallon, both liquid and dry, contains 
277.274 cu. in=.16046 cu. ft., and is equivalent to the vol- 
ume of 10 lb. of pure water at 62° F. 

To reduce U. S. to British liquid gallons, divide by 1.2, 
Conversely, to convert British into U. S. liquid gallons, multi- 
ply by 1.2; or, increase the number of gallons %. 
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MISCELLANEOUS TABLE 


12 articles =1 dozen. 20 quires =1 ream. 
12 dozen =1 gross. 1 league =3 mi. 
12 gross =1 great gross. 1 fathom =6 ft. 

2 articles =1 pair. lhand =4in, 
20 articles =1 score. lpalm =3 in. 
24 sheets =1 quire. lspan =9 in, 


1 knot (U. S.) =6,080 ft. =1.* 5 m.. (roughly). 
1 meter=38 ft. 3% in. (nearly). 


THE METRIC SYSTEM 


The metric system is based on the meter, which, according 
to the U.S. Coast and Geodetic Survey Report of 1884, is equal 
to 39.370432 in. The value commonly used is 39.37 in., 
and is authorized by the U. S. government. The meter is 
defined as one ten-millionth the distance from the pole to the 
equator, measured on a meridian passing near Paris. 

There are three principal units—the meter, the liter (pro- 
nounced lee-ter), and the gram, the units of length, capacity, 
and weight, respectively. Multiples of these units are obtained 
by prefixing to the names of the principal units the Greek 
words deca (10), hecto (100), and kilo (1,000); the submulti- 
ples, or divisions, are obtained by prefixing the Latin words 
deci (#5), centi (xsn), and milli (qeo0). These prefixes form 
the key to the entire system. In the following tables, the 
abbreviations of the principal units of these submultiples begin 
with a small letter, while those of the multiples begin with a 
capital letter; they should always be written as here printed. 


MEASURES OF LENGTH 


Name Meters GaSe ltt, Se Bee 
Millimeter (mm.) = .001 = -039370 = -003281 
Centimeter (cm.) = .010. = -393704 = -032809 
Decimeter (dm.) = 100); =. 3.937043 = .328087 
Meter (m.) = 1.000 = 39.370432= 3.280869 
Decameter (Dm.) = 10.000 = 32.808690 
Hectometer (Hm.) = 100.000 = 328.086900 
Kilometer (Km.) = 1,000.000 = .621 mi.= 3,280.869000 


Il 


Myriameter (Mm.) =10,000.000 = 6.214 mi.=32,808.690000 
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The centimeter, meter, and kilometer are the units in 
practical use, and may be said to occupy the same position 
in the metric system as do inches, yards, and miles in the 
U. S. and English system of measurement. 


MEASURES OF AREA 


Name Sq. M. Sq. In. Sq. Ft. A. 
Sq. millimeter 
(sq.mm.) = .0000010= .001550 


Sq. centimeter 
(sq.cm.) = .0001000= .155003= .00107641 
Sq. decimeter 
(sq. dm.) 
Sq. meter, or 
centare (sq.m., 
or ca.) 
Sq.decameter, 
cr are (sq. Dm., 


i] 


-0100000= 15.5003= .10764100 


1.000000 = 1,550.03 = 10.764100= .000247 


ll 


or A.) = 100.0000= 155,003 =1,076.4101= .02471¢ 

Hectare = 10,000.00 = 107,641.01= 2.4711C 

Sq. kilometer =.3861099 sq. mi. =10,764,101= 247.110 

Sq. myriameter =38.61090 sq. mi. = 24,711.0 
MEASURES OF VOLUME 

Name Cu. M. Cu. In. Cu. Ft. Cu.Yd. 


Cu. centimeter 
(c.c. Or cu.cm.) 
Cu. decimeter 


= ..000001= .061025 


.001000= 61.0254 


(cu. dm.) 
Centistere = .010000=610.2540 =  .35316 
Decistere =  ,100000 = 3.53156 
Stere (cu.m.) = 1.000000 = 35.3156 = 1.308 
Decastere = 10.000000 =353.156 =13.080 
MEASURES OF CAPACITY 

Name Liters Liq. Meas. Dry Meas. 
Milliliter (ml. =c.c.) = .00100= .008454 gi. =.001816 pt. 
Centiliter (cl.) = .01000= .084537 gi. =.018162 pt. 
Deciliter (dl.) = .10000= .845370 gi. =.18162 pt. 
acta te aed tc he 1.0000= { ">54179 psiess pk. 
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Decaliter (D1.) 
(= centistere) 
Hectoliter (H1.) 
(= decistere) 
Kiloliter (K1.) 
(=cu.m., or stere) 
ree Gustere) p= 10.000 2641.79 gal. = 283.783 bu. 
The milliliter (or cubic centimeter) and the liter are the 
units most commonly used. A liter of pure water at 4° C., or 
39.2° F., weighs 1 Kg. 


METRIC WEIGHTS 
The gram is the basis of metric weights, and is the weight 
of a cubic centimeter of distilled water at its maximum density, 
at sea level, Paris, barometer 29.922 inches. 


= 10.000= 2.64179 gal.=1.1351 pk. 
= 100.00= 26.4179 gal. =2.83783 bu. 


=1,000.0= 264.179 gal. = 28.3783 bu. 


Name Grams Grains Av. Oz. Av. Lb. 

Milligram (mg.) 001 .01543 

Centigram (cg.) 010 .15432 

Decigram (dg.) 100 1.54323 

Gram (g.) 1.000 15.43235 .03527 .0022046 
Decagram (Dg.) 10.000 -35274 -0220462 
Hectogr’m (Hg) 100.000 3.52739 -2204622 
Kilogram (Kg.) 1,000.000 35.27395 2.2046223 
Myriagr’m(Mg) 10,000.000 22.0462234 
Quintal (Q.) 100,000.000 220.4622341 
Tonneau (T.) 1,000,000.000 2,204.6223416 


The gram and the kilogram (called kilo) are the units in 
/ common use. 


FACTORS FOR CONVERSION 
For approximations, it may be useful to remember the fol- 
lowing: 
lem. =.4 in. (nearly) 
1m. =40 in. (roughly) 
1 Km. = mi. (nearly) 
1 =1 liq. qt. (nearly) 
TF =% pk. (nearly) 
ler. =15.4 gr. 
i Kg. =23 lb. 
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To convert metric measures into U. S. measures, by use of 
the preceding tables, find the desired equivalent in U. S. 
measure of a metric unit of the denomination given, and 
multiply this equivalent by the metric number. For ex- 
ample, it is desired to find the equivalent in pounds of 19.6 Kg. 

From the table of weights 1 Kg.=2.2046 lb.; hence, 
19.6 Kg.=2.2046 19.6 =43.21 lb. In similar manner, 8 l.= 
-264179 X 8 = 2.113432 U. S. gal. 

To convert U. S. measures into metric measures, find how 
much a metric unit of the desired denomination is equal to 
in U. S. measure, and divide the given number by this equiv- 
alent. For example, it is desired to convert 44 mi. into kilo- 
meters. From the table of lengths, it is found that 1 Km. is 
.621 mi.; hence, dividing 4.5 by .621, the result is 7.24 Km. 

Other useful conversion factors are as follows: 

Length.—1 in. =.0254 m.; 1 ft.=.3048 m.; 1 yd.=.9144 m.; 
1 mi. =1,609.34 m.=1.609 Km. 

Area.—1 sq. in.=.000645 sq. m.; 1 sq. ft.=.0929 sq. m.; 
1 sq. yd. =.836 sq. m.; 1 A.=4,047 sq. m. 

Capacity.—1 cu. in. =.0164 1.; 1 U.S. bu. =35.241.; 1 U.S. 
dry qt.=1.101 1.; 1 U.S: pk.=8.81 1.; 1 cu. yd.=765 1.; 1 
Us Selig. at. =.9463 1; 1 U.S. gal. =3.785) 1. 

Weight.—1 grain=.0648 gram; 1 av. 0z.=28.349 grams; 
1 Troy oz.=31.103 grams; 1 av. lb. =453.59 grams. 


FORMULAS 


Formulas are simply short methods of indicating opera- 
tions otherwise expressed by rules, by using letters and signs 
in place of words. The letters are usually those of the English 
alphabet, and the signs are those previously given. Besides 
showing at a glance the various steps, formulas are much more 
convenient to memorize than rules and also can be more 
readily followed. Explanations will be given of some simple 
formulas, and it will be shown how a formula may be trans- 
posed so as to obtain any required term. 

To show the similarity between a rule and a formula, let it 
be required to find uhe area of footing necessary to sustain 
a certain load, having given the safe load per square foot, 
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The rule is: Divide the total load, in pounds, by the safe load, 
in pounds per square foot; the quotient is the required area, in 
square feet. Not much space can be saved by expressing such 
a simple rule in a formula, but the operation is more quickly 
comprehended. Let P=total load, in pounds; S=safe load 
per square foot; A =required area. 

Then the rule is expressed by the formula 


iP 


A formula is used by substituting for the letters the quan- 
tities known in the problem, and finding the unknown quan- 
tity by performing the indicated operations. Sometimes the 
formula as written does not give the desired yuantity directly, 
but must be rearranged so as to enable it to be found. This is 
done by simple operations, the aim being to obtain the desired 
quantity by itself on one side of the equality sign. Thus, in 
the foregoing formula, suppose it is desired to find the value 


PB 
of P when A and S are given. By multiplying A and Ss by S 


(such operation being called clearing of fractions) there results 
AXS=P, in which the desired quantity P is by itself and is 
found to be equal to the product of A and S. The formula 
is further shortened by omitting the X sign, and writing 
A S=P. When two or more letters are thus written, it means 
that they are to be multiplied together. In a similar manner, 
SS may be obtained by dividing the last found formula through 


re 
by’ A; thus, S=—. 
A 


EXAMPLE 1.—The safe bearing power of a soil is 1,500 lb. per 
sq. ft. What area of footing is required to sustain a load of 
30,000 Ib.? 

So_utTion.—Here A is wanted, and P and S are given. 


EXAMPLE 2.—If the total load is 30,000 lb., how much, per 
square foot, will be carried by a footing 20 sa. ft. in area? 
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Je 
SoLutTion.—Here, A and P are given to find S; or S <3 
30, 
<x 202000 __ 1,500 1b. 
20 
The following formula is used to determine the safe total 


quiescent load that a wooden beam will carry, if uniformly 
bd? 
loaded: Lip aes 


in which b}=breadth of beam, in inches; 
d=depth of beam, in inches; 
c=a constant, depending on kind of wood, etc.: 
7=length of span, in inches; 
W =safe total load, uniformly distributed. 

If any other quantity than W is wanted it may be found by 
transposing the formula; thus, if the depth necessary to sustain 
a certain load is required, the formula is changed in the follow- 
ing manner. 


Multiplying through by 7, Wl=bd’c. Dividing by bc, d?= 


wi : wi 
—. Extracting the square root,d = \/— 
bc bc 


Examp_Le.—It is desired to carry a distributed load of 10,000 
‘b. on 2 dry long-leaf pine beam that is 8 in. wide and has a 
span of 8 ft. 4 in. How thick must the beam be? 


SoLtutTIon.—The value to be given to ¢ depends on the kind 
of wood, quality of wood, dryness of wood, method in which 
beam is placed, kind of load, and degree of safety required. 
In this problem it will be taken as 1,600. Substituting the 
values there results, 


10,000 < 100 i 
d= \/———=8.8 in. say 9 in. 
8X 1,600 


A rule for finding the safe unit stress in a wooden column is 
as follows: 


Rule.—From 1 subtract one-third of the fourth power of the 
quotient obtained by dividing the length of the column, in inches, 
~ the product of the least width of the column, in inches, and a 
constant which depends on the species and quality of the wood, 
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Multiply the remainder by the safe unit stress for a short block 
of the wood. 
This rule is rendered much more intelligible by the formula 


mee 


in which f=allowable unit stress for column, in pounds per 
square inch; 
fi=allowable unit stress for short block; 
1=length of column, in inches; 
d=least width of column, in inches; 
K=constant. 
EXxAMpLeE.—The allowable unit stress fi for a short block of 
a certain grade of southern pine is 1,285 Ib. per sq. in., and the 
corresponding value of K is 22.6. What is the allowable unit 
stress for a 10” X10” column 16 ft. long? 
SoLuTIon.—In the formula, fi=1,285, 1=16X12=192 in., 
K=22.6, and d=10in. Hence, 


1 192 4 
f=1,285] 1 -(57—33) 
3\22.6X10 


= 1,285 (1—4X .522) 
= 1,285 .826=1.060 lb. per sq. in. 


MENSURATION 


TRIANGLE 
For a right triangle 
Hypotenuse c= Nore" 
Side a= Ve2—b2 
Side b= Vc2— a2 
Area =f ab 
For an oblique triangle. If altitude or = 
height h and base b are known: MG 
Area=% bh ho ¢ 
If the three sides are known: 
let s=4(a+b+0) - 


Area= Vs(s—a)(s—b) (s—e) 
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PARALLELOGRAM 
Area=ab 


ka 


TRAPEZOID 
Area=}4h(a+)) -}—-— b — 


ee 


TRAPEZIUM 
Divide into two triangles and a trapezoid. 


Y/ 
/ Area = 4 bh’ +4 a(h’+h)+4 ch; 
7 or, area = 3[bh’+ch+a(h’+h)] 
LM 
da 


REGULAR POLYGONS 
Divide the polygon into equal triangles and find the sum of 
the partial areas. Otherwise, square the length of one side 
and multiply by proper number from the following table: 


Name No. Sides Multiplier 
Prranele, <j. cia 3 433 
SQUare seps wticysauste 6 4 1.000 
Pentagon a.sareem 5 1.720 
Hexagon... s.< 18a 6 2.598 
Heptagon......... if 3.634 
Octagon ntacnieless: 8 4.828 
Nonagon.......... 9 6.182 
Decagonis. vicje.e sie 10 7.694 


IRREGULAR AREAS 
Divide the area into trapezoids, triangles, parts 
of circles, etc., and find the sum of the partial 


mate area may be found as follows: Divide the 
figure into trapezoids by equidistant parallel lines 
b, c, d, etc. The lengths of these lines being meas- 
ured, then, calling a the first and x the last length. 
and y the width of strips, 


Area=¥y (At o4etete.-+m) 


areas. If the figure is very irregular, the approxi- ; 
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CIRCLE 
A =area; 
x(pi) =3.1416; 


w 
—= .7854; 
4 


p=perimeter or circumference; 
p=rd=3.1416 d; 
p=37 d (approximately); 


D=2 rr =6.2832 r; 

a 3.1416 
d= oe (approximately) ; Cae 
d=1.128VA4; 


db dp 


7=.5642VA; 
aa 
A B7 in 7854 d?; 
A=7r?=3.1416 72. 
Side of square of area equal to circle =.8862 d. 


Diameter of circle of area equal to a 
a pees ines given square = 1.128 Xside. 


J ~ 


RING 
Area =.7854(D?—d?) 


SECTOR 
If radius 7 and rise h 
are known, 


chord ¢ =2 V2 hr—h?. 
If chord ¢ and rise h are known, 
: C+4h2 
radius 7 =———_ 


8h 
c 
Approximately, 7=— 
Pprox1. y. 8h 


Subchord e=4 Voe+4 he 
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, nearly | 


8 
If h is not more than .4 ¢c, length of arc ]= £ 


If Land r are known, / 


ib 1 
Angle E* = 57.296-, = 57.3 -, nearly 
r r 


Area=ilr 
If y and angle E* are eet 
E | 
length 1=——_— =——-, (nearly) =.0175 Er. 
57. 296 57.3 | 


Area = .0087 7°E 


SEGMENT i 
Area of segment=area of sector—area 
of triangle. 
Height of triangle=r—h 
If 1, 7, c, and h are known, 
Area =} lr—4 c(r—h) 
If c,h, ry, and E are known, find J as shown under Sector; ol 
area may then be found by the preceding formula. 


ELLIPSE 
P42) 64—3 @* 
par ( 2 ) Ga—16 
4 In which p=the perimeter, D and a| 
are the two diameters, and | 


Area = .7854 Dd 
———_—__. } 

*If the angle E contains minutes and seconds, these must 
be expressed in decimals of a degree. Divide the minutes by 
60, and the seconds (if any) by 3,600, and add the sum of the 
decimals -t0 the degrees; thus, 30° 45’ 36” = 30° + 8 + 3885 
= 30.76°. If E is given in degrees and decimals, it may be 
nthe to minutes and seconds thus: .76° = .76 X 60 = 45.6’; 
.6 X 60 = 36”; hence, 30.76° = 30° 45’ 36”. 

+The perimeter of an ellipse cannot be exactiy determined, 
and this formula is merely an approximation giving very 
close results. | 
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HELIX 
d=diameter of helix; 
4=length of one turn of helix; 
t=pitch, or rise in one turn; 
n=number of turns; 


72 = 9.8696; 
l= Vr@+e 
t= Ve—7a2 


Total length=nl=n Nx2d2 +2 


MEANING OF SYMBOLS 
C=convex surface; 
S=whole surface; 

=C-+area of end or ends; 
A =area larger base or end; 
a=area smaller base or end; 
P=perimeter of larger base; 
p=perimeter of smaller base; 
D=larger diameter; 
d=smaller diameter; 
V =volume of solid. 
In a cylinder or prism, 

A=a, P=, and D=¢d 


CYLINDER 
C=Ph=3.1416 dh 
S=3.1416 dh+1.5708 d2i 
V=Ah=.7854 @h 


FRUSTUM OF CYLINDER 
h=}sum of greatest and least heights 
C=Ph=3.1416 dh 


S=3.1416 dh+.7854 d?-+-area of elliptic top 


V=Ah=.7854 @h 


C=Ph 


V=Ah 


S=Ph+2A 
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PRISM OR PARALLELOPIPED 
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For prisms with regular polygons as bases, P=length of one 
side X number of sides. 

To obtain area of base, if it is a polygon, divide it into tri~ 
angles, and find sum of partial areas. 


FRUSTUM OF PRISM 
If -a section perpendicular to the edges, called 
the right section, is a triangle, square, parallelo- 
gram, or regular polygon, 
sum of lengths of edges 


Xarea of right section 
number of edges 


CONE 
C=} Pl=1.5708 dl 
$= 1.5708 dl-+.7854 d? 


Ah 
V= ae =.2618 @h 


FRUSTUM OF CONE 

=31(P+?) =1.5708 1(D+d) 
S=1.5708 l(D+d) +.7854(D?+ a?) 
V =.2618 h(D?+ Dd+d?) 


iisteice and find sum of their areas. 


FRUSTUM OF PYRAMID 
=; (P+?) 
S=21P+p)+A+a 
Vat (A +a+ Aa) 
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SPHERE 
S=3.1416 d?= 12.5664 r2 
V =.5236 d?= 4.1888 7? 


CIRCULAR RING 
D=mean diameter; 
R=mean radius. 

S=4 1?Rr=9,.8696 Dd 
V =2 Rr? = 2.4674 Da? 


WEDGE 
V=% wh(a+b+c) 


PRISMOID 

A brismoid is a solid having two parallel plane ends, the edges 
of which are connected by plane triangular or quadrilateral 
surfaces. 
A =area one end; 

a=area of cther end; 
m=area of section midway between ends; 

l=perpendicular distance between ends; 


V=} l(A+a+4m) 
The area m is not in general a mean between the areas of 
tne two ends, but its sides are means between the correspond- 
ing lengths of the ends. 


Bei 


Ata 


Approximately, V= L 


ROOF MENSURATION 

Although the ordinary principles of mensuration are all that 
are necessary in calculating any roof area, the modern house, 
with its numerous gables and irregular surfaces, introduces 
complications that render some further explanation of roof 
measurement desirable. The most common error made in 
figuring roofs, which should be carefully avoided, is that of 
using the apparent length of slopes, as shown by the plan or 
side elevation, instead of the true length, obtained from the 
end. elevations. 

oe 
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The area of a plain gable roof, as shown in end and side 
elevations in Fig. 1 (a), is found by multiplying the length 
gj by the slope length bd, and further multiplying by 2, for 
both sides. The area of each gable is found by multi- 
plying the width of the gable ad by the altitude cb and 
dividing by 2. 

In (b) is shown the plan and the elevation of.a hip roof, 
having a deck z. The pitch of the roof being the same on 
each side, the line cd shows the true length of the common 
rafter lm; ce is the height of the deck above ad. In (¢) is 
shown the method of determining the true lengths of the 
hips, and the true size of one side of the roof. Let abcd repre- 
sent the same lines as the corresponding ones in (6). To 
the line ad, through 6 and c, draw perpendiculars, as gh and 
ef; lay off from g and e on these lines the length of the common 


=~ 
2 


[ 


g 


Fic. 1 


rafter ab, in (6), and draw the lines ah and df; then the figure 
ahfd will show the true shape and size of that side of the rooi 
shown in the elevation in (b). The triangle def equals in area 
the triangle agh or a similar triangle aih. Hence, the portioa 
of the roof ahfd is equal in area to the rectangle aife, whose 
jength is one-half the sum of the eaves and deck lengths, and 
whose breadth is the length of a common rafter. 

A method of obtaining the lengths of valleys—and which 
is also applicable to hip rafters—is shown in (d), which 


ae 
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is the pian of a hip-and-gable roof. To ascertain the 
length of the valley rafter ab, draw the line ac perpen- 
dicular to the line ab and equal in length to the altitude of 
tae gable; then draw the line cb, which will be the length 
required. 

As an example of roof mensuration, the number of square 
feet of surface on the roof shown in Fig. 2 will be calculated. 
The area of the triangular portion acb is equal to one-halt 
the base, ab, multiplied by the slope length of cd. The latter 


gre ele 


is round by making cc’, perpendicular to dc, equal to the 
height of the ridge (10 ft.) above ab, and drawing c’d, which 
is the required slope length. Using dimensions, the area of 


23 X 13.5 
~ —— boo SCatts 


uch 1s 


The area of the iaperord gfth is one-half the sum of fi 
and gh, multiplied by the true length of hi, which, by laying 
off i’, 8 ft. along fz, and drawing ih, is found to be 10.6 ft. 
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14+5 
Then efiha x 10.6 =100.7 sq. ft.; or, for the two slopes 


of the gable, the area is 201.4 sq. ft. As the opposite gable 
is the same size, the area of the two is 201.4 2=402.8 sq. ft. 

The area of gpnk is equal to the area qgpw, minus the area 
knw, which is covered by the intersecting gable roof. The 
area gpw is equal to the area acb, or 155.3 sq. ft. The area 
of knw is equal to one-half the product of mw and the slope of 
sk (which, by laying off kk’ equal to the height of the gable, 
5.5 ft., and drawing sk’, is found to be 7.4 ft.). Then area 

13X 7.4 


knw = =48.1 sq. ft., which, deducted from 155.3 sq. 


ft., shows the area of gpnk to be 107.2 sq. ft. 


a 
The area of apge is pra multiplied by the true slope 


length of ¢v, which is tv’, measuring 15.2 ft. Substituting 
6+24 

2 
From this deduct the area of yzu, which is the portion covered 
by the intersecting gable roof. The true length of tu along 
the slope is tu’, which measures 12 ft.; hence, the area of 


14X12 A 
SE gh sq. ft. The net area of apgqe is, therefore, 


dimensions, the area is found to be X15.2=228 sq. ft. 


yzu is 


228—84=144 sq. ft.; bcqw being equal to apgce, its area is the 
same, making the area of both sides 288 sq. ft. 


. mn-+lk 
The area of kuml is Xml’, the slope length of ml. 


11+16 
Substituting dimensions, the area is - + 


X8.5=114.8 sq. 


ft. As klxw is equal to knml, the area of both is 229.6 sq. ft. 
Adding the partial areas thus obtained, the sum is 155.3+ 
402.8+107.2+ 288+ 229.6 =1,182.9 sq. ft., or 11.9 squares. 


CIRCUMFERENCES AND AREAS OF CIRCLES 
The following table gives the diameter, the circumference, or 
the area when either of the other values is known. Thus, the 
diameter of a circle having an area of 7,200 sq. in. is, 
approximately, 95$ in. and its circumference, nearly 301 in. 
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CIRCUMFERENCES AND AREAS OF CIRCLES FROM 


1-64 TO 100 


Diam. | Circum. Area Diam. 


009 619 69 49 69 09 09 RDND EDD RD ROBO ND Ee ett 
CEN RIIOS CR cas RIN KICIENS Co elo CoOI oe oops Dottie pein tong seas oposite 
iS) 
on 
Or 
iS) 
on 
on 
_ 
oa) 
or 
on 


= 


11.7810 | 11.0447 8 
12.1737 | 11.7933 


os 


Circum. 


12.5664 
12.9591 
13.3518 
13.7445 
14.1372 
14.5299 
14.9226 
15.3153 
15.7080 
16.1007 
16.4934 
16.8861 
17.2788 
17.6715 
18.0642 
18.4569 
18.8496 
19.2423 
19.6350 
20.0277 
20.4204 
20.8131 
21.2058 
21.5985 
21.9912 
22.3839 
22.7766 
23.1693 
23.5620 
23.9547 
24.3474 
24.7401 
25.1328 
25.5255 
25.9182 
26.3109 
26.7036 
27.0963 
27.4890 
27.8817 
28.2744 


Area 


12.5664 
13.3641 
14.1863 
15.0330 
15.9043 
16.8002 
17.7206 
18.6555 
19.6350 
20.6290 
21.6476 
22.6907 
23.7583 
24.8505 
25.9673 
27.1086 
28.2744 
29.4648 
30.6797 
31.9191 
33.1831 
34.4717 
35.7848 
37.1224 
38.4846 
39.8713 
41 2826 
42.7184 
44.1787 
45.6636 
47.1731 
48.7071 
50.2656 
51.8487 
53.4563 
55.0884 
56.7451 
58.4264 
60.1322 
61.8625 
63.6174 
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Diam, | Circum. Area Diam. | Circum. 
94 28.6671 | 65.3968 194 61.2612 
94 29.0598 | 67.2008 192 62.0466 
OF 29.4525 | 69.0293 20 62.8320 
94 29.8452 | 70.8823 20% 63.6174 
98 30.2379 | 72.7599 204 64.4028 
9F 30.6306 | 74.6621 202 65.1882 
9f 31.0233 76.589 21 65.9736 

10 31.4160 78.540 214 66.7590 
104 32.2014 82.516 214 67.5444 
104 32.9868 86.590 212 68.3298 
102 33.7722 90.763 22 69.1152 
li 34.5576 95.033 224 69.9006 
11}4 35.3430 99.402 224 70.6860 
114 36.1284 | 103.869 22% 71.4714 
113 36.9138 | 108.434 23 72.2568 
12 37.6992 | 113.098 234 73.0422 
12} 38.4846 | 117.859 234 73.8276 
124 39.2700 | 122.719 232 74.6130 
124 40.0554 | 127.677 24 75.3984 
13 40.8408 | 132.733 24} 76.1838 
134 41.6262 | 137.887 244 76.9692 
134 42.4116 | 143.139 242 77.7546 
13% 43.1970 | 148.490 25 78.5400 
14 43.9824 | 153.938 254 79.3254 
144 44.7678 | 159.485 254 80.1108 
144 45.5532 | 165.130 252% 80.8962 
142 46.3386 | 170.874 26 81.6816 
15 47.1240 | 176.715 264 82.4670 
15} 47.9094 | 182.655 264 83.2524 
154 48.6948 | 188.692 262 84.0378 
153 49.4802 | 194.828 27 84.8232 
16 50.2656 | 201.062 274 85.6086 
16} 51.0510 | 207.395 274 86.3940 
164 51.8364 | 213.825 27% 87.1794 
162 52.6218 | 220.354 28 87.9648 
17 53.4072 | 226.981 28h 88.7502 
17% 54.1926 | 233.706 284 89.5356 
174 54.9780 | 240.529 282 90.3210 
172 55.7634 | 247.450 29 91.1064 
18 56.5488 | 254.470 29% 91.8918 
184 57.3342 | 261.587 294 92.6772 
184 58.1196 | 268.803 292 93.4626 
182 58.9050 | 276.117 30 94.2480 
19 59.6904 | 283.529 304 95.0334 
--194 60.4758 | 291.040 3804 95.8188 


Area 


298.648 
306.355 
314.160 
322.063 
330.064 
338.164 
346.361 
354.657 
363.051 
371.543 
380.134 
388.822 
397.609 
406.494 
415.477 
424.558 
433.737 
443.015 
452.390 
461.864 
471.436 
481.107 
490.875 
500.742 
510.706 
520.769 
530.930 
541.190 
551.547 
562.003 
572.557 
583.209 
593.959 
604.807 
615.754 
626.798 
637.941 
649.182 
660.521 
671.959 
683.494 
695.128 
706.860 
718.690 
730.618, 
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TABLE—(Continued) 


Diam. | Circum. Area Diam. | Circum. Area 


30? 96.6042 742.645 | 42 131.947 | 1,385.45 

31 97.3896 754.769 | 42% | 132.733 | 1,401.99 

314 98.1750 766.992 | 424 | 133.518 | 1,418.63: 
314 98.9604 779.313 | 42% 134.303 | 1,435.37 
31z 99.7458 791.732 | 43 135.089 | 1,452.20 

32 100.5312 804.250 | 43% 135.874 | 1,469.14) 
324 | 101.3166 816.865 | 434 136.660 | 1,486.17 

32% | 102.1020 829.579 | 43% 137.445 | 1,503.30 
32% | 102.8874 842.391 | 44 138.230 | 1,520.53 

33 103.673 855.301 | 44% | 139.016 { 1,537.86 
334 | 104.458 868.309 | 444 | 139.801 | 1,555.29 
334 | 105.244 881.415 | 44% 140.587 | 1,572.81 

33% | 106.029 894.620 | 45 141.372 | 1,590.43 

34 106.814 907.922 | 454 | 142.157 | 1,608.16 
344 | 107.600 921.323 | 45% | 142.943 | 1,625.97 
34% | 108.385 934.822 | 45% 143.728 | 1,643.89 
343 | 109.171 948.420 | 46 144.514 | 1,661.91 

35 109.956 962.115 | 464 | 145.299 | 1,680.02 
35% | 110.741 975.909 | 46% | 146.084 | 1,698.23 
354 | 111.527 989.800 | 462 146.870 | 1,716.54 
35% 112.312 | 1,003.790 | 47 147.655 | 1,734.95 
36 113.098 | 1,017.878 | 474 | 148.441 | 1,753.45 
364 | 113.883 | 1,032.065 | 47% | 149.226 | 1,772.06 
364 | 114.668 | 1,046.349 | 472 150.011 | 1,790.76 
862 | 115.454 | 1,060.732 | 48 150.797 | 1,809.56 
87. | 116.239 | 1,075.213 | 48% 151.582 | 1,828.46 
87% | 117.025 | 1,089.792 | 48% | 152.368 | 1,847.46 
87% | 117.810 | 1,104.469 | 48% | 153.153 | 1,866.55 
37% 118.595 | 1,119.244] 49 153.938 | 1,885.75 
38 119.381 | 1,134.118 | 49% | 154.724 | 1,905.04 
38% 120.166 | 1,149.089 |} 494 | 155.509 | 1,924.43 
384 | 120.952 | 1,164.159 | 49% 156.295 | 1,943.91 

38% 121.737 | 1,179.327 | 50 157.080 | 1,963.50 
39 122.522 | 1,194.593 | 504 | 158.651 | 2,002.97 
39% | 123.308 | 1,209.958 | 51 160.222 | 2,042.83 
39% | 124.093 | 1,225.420 | 514 | 161.792 | 2,083.08 
39% 124.879 | 1,240.981 52 163.363 | 2,123.72 
40 125.664 | 1,256.640 | 524 | 164.934 | 2,164.76 
40% | 126.449 | 1,272.400 | 53 166.505 | 2,206.19 
40% | 127.235 | 1,288.250 | 53% | 168.076 | 2,248.01 

403 128.020 | 1,304.210 | 54 169.646 | 2,290.23 
41 128.806 | 1,320.260 | 54% | 171.217 | 2,332.83 

41} 129.591 | 1,336.410 | 55 172.788 | 2,375.83 
414 130.376 | 1,352.660 | 554 174.359 | 2,419.23 
413 131.162' | 1,369.000 | 56 175.930 | 2,463.01 


Circum. 


177.500 
179.071 
180.642 
182.213 
183.784 
185.354 
186.925 
188.496 
190.067 
191.638 
193.208 
194.779 
196.350 
197.921 
199.492 
201.062 
202.633 
204.204 
205.775 
207.346 
208.916 
210.487 
212.058 
213.629 
215.200 
216.770 
218.341 
219.912 
221.483 
223.054 
224.624 
226.195 
227.766 
229.337 
230.908 
232.478 
234.049 
235.620 
237.191 
238.762 
240.332 
241.903 
243.474 
245.045 
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TaBLE—(Continued) 


2,507.19 
2,551.76 
2,596.73 
2,642.09 
2,687.84 
2,733.98 
2,780.51 
2,827.44 
2,874.76 
2,922.47 


4,778.37 


Circum, 


246.616 
248.186 
249.757 
251.328 
252.899 
254.470 
256.040 
257.611 


312.589 
314.160 


Area 


4,839.83 
4,901.68 
4,963.92 
5,026.56 
5,089.59 
5,153.01 
5,216.82 
5,281.03 
5,345.63 
5,410.62 
5,476.01 
5,541.78 
5,607.95 
5,674.51 
5,741.47 
5,808.82 
5,876.56 
5,944.69 
6,013.22 


7,854.00 
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PROBLEMS 


To Erect a Perpendicular to the Line dc at the Point c.—With 
a, Fig. 1, as a center, and any radius, as ab, strike arcs cutting 
thelineatbandc. Frombandcascen- 
ters, and any radius greater than ba, d 
strike arcs intersecting at d. Draw da, 
which will be perpendicular to be at a. 
To Draw a Line Parallelto ab— At any 
points a, Fig. 2, 
CaS a@™ and b, with a © C2 ¢ 
radius equal to Fic. 1 
the required distance between the lines, 
draw arcs at c and d. The line cd. 
tangent to the arcs, will be the re 
Fic. 2 p 
quired parallel. 
To Bisect the Angle bac.—With a, Fig. 3, as a center, strike 
an are cutting the sides of the angle in b andc. With b 


and c¢ as centers, and any radius, strike hae 
arcs intersecting, as at d. Draw da, b 
the bisector. 

To Erect a Perpendicular at theEnd g< ate 
of a Line.— Take a center anywhere 
above the line, as at 6, Fig.4. Strike Bove Sa 


an arc passing through @ and cutting the 
given line at c. Draw a line through ¢ Fig. 3 
and 6, cutting the arc atd. Draw the line 
ad, which will be the required perpendicular. 
To Divide a Line Into Any Number of 
Equal Parts.—Let it be required to divide 
the line ab, Fig. 5, into five equal parts. 
Draw any line ad, and point off five equal 
divisions,as shown. From 4 draw a line to 
b and draw 4-4’, 3-3’, etc. parallel to 5b, 
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To Divide a Space Between Two Parallel Lines or Sur- 
faces.—An example of this problem is the spacing of risers in 
a stairway. Draw ab and ce, 
Fig. 5, the given distance apart. 
Then move a scale along them, 
until as many spaces are in- 
cluded along ad as there are 
number of divisions required. 
Mark the points 1, 2, 3, etc., 
and draw lines through them 
parallel to ab and ce. 

Magnitude of Angles—The magnitude of an angle depends 
not on the length of its sides, but on the number of degrees 
contained in the arc of a circle drawn with 8090 
the vertex as a center. ~6O 

The circle is divided into 360 equal parts, 
called degrees. To divide a quadrant as 
shown in the figure, first divide it into 
three parts by the arcs at e and d, Fig. 6, 
chords cd and ae being equal to the 
vadius. Then subdivide with dividers. 

An inscribed angle has its vertex (as ¢ Fic. 6 

or d, Fig. 7), in the circumference 

of a circle. Any angle inscribed in 
a a semicircle is a right angle, as 
acb, or adb. 

To Draw a Circle Through 
Three Points Not in a Straight 
Line as a, b, and c.—Bisect ab, Fig. 
8, and also 6c. The two bisectors 
will intersect in a point d, which will 
be the center of the required circle. 

To Find the Center of a Circular 
Arc as a, b, c.—Takea point, as 
b, Fig. 8, on the curve, and draw 
any two chords, ba and be. Bisect 
these lines by perpendiculars; the 
intersection d of these lines will be 
the reauired center. Fic. 2 


Cc 


Fic. 7 
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To Find a Straight Line Nearly b z 
Equal to a Semi-Circumference as 7 f 
abc.—On the diameter construct 
the equilateral triangle each, 


Fig. 9. Through the ends a and c t ; rt 
draw he and hf; then ef, which is \\ / , ih 
tangent to the semi-circumference ‘ < Hef oe 
and parallei to the diameter, is AN wh 
the length of the semi-circumfer- 
ence. Draw any line, as hkl; 2 2 

IG. 9 


then /f is almost exactly the length 
of arc kc, and 61 that of arc bk. 
To Construct a Hexagon From a 


Given Side.—Describe a circle with a 
radius ab equal to the given side. Draw 
a diameter as cb, Fig. 10. Fromc and 
1b 6 as centers, and a radius equal to the 
given side, draw arcs cutting the circle 
atk,d,f, and e. Connect ¢, k, f, b, e, 
and d. a 
To Inscribe N 
an Octagonina ‘ 
Square.—Draw the diagonals ac and 
bd, Fig. 11. With a asa center, and 
ade asa radius, strike an arc cutting the h 
sides of the square at fandh. Repeat 
the operation at b,c, and d, and draw 
lines connecting the eight points thus 
found to form the figure required. 


if 


Fie. 
To Draw Any Regular Polygon in a Circle.—Divide 360° by 


the number. of sides; the quotient will 
be the angle aob, Fig. 12. Lay off this 
angle at the center with a protractor, 
and draw its chord, a side of the re- 
quired polygon. Step this side around 
on the circumference, and connect the 
points found. 

To Draw a Segment of a Circle, 
Having Given the Chord ab and Height 
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cd.—Draw ef, through d, paral 
lel to ab; also, ad and db, 
Draw ae and bf perpendicular 
to ad and db; also ah and bk 
perpendicular to ab. Divide 

Fic. 13 ed, df, ac, cb, ah, and bk into 
the same number of equal parts. Draw lines connecting the 
points as shown, and trace the curve through the intersections. 


To Draw a Segment of a Circle Qe 

by Means of a Fixed Triangle. OawwSN 

Let ab Fig. 14, be the required AN 
chord, and dc the rise. Drive & aS 
nails at a and 6. Makea triangle; 

as shown, of thin strips, so that Fic. 14 


the vertex comes at c, and stiffen it with the crossbrace. 

Now, by moving the triangle, always keeping the sides touch- 
ing the nails at a and b, the are 
may be traced by a pencil held 
abies 

To Draw an Ellipse, Having 
Given the Axes.— Draw concentric 
circles whose diameters are equal to 
the axes ab and cd, Fig. 15. From 
o draw any radius as oe. From g, 
where oe cuts the inner circle, 
draw gf parallel to the major 
axis ab. From e, draw ef parallel 
to the minor axis dc. The intersection f gives a point on the 
ellipse; other points are similarly 
found. 

To Draw an Ellipse With a 
String, Having Given the Axes 
ab and cd.—-With c, Fig. 16, as a 
center, and a radius equal to ob, 
strike arcs cutting the major axis 
ate and f, the foci of the ellipse. 
Stick pins at e and f, and attach 
a string as shown, the length of 
the string being equal to the length Fic. 16 
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Aaa ale 


of the major axis. Keep the string 4 B£82V 0 
stretched with a pencil point, and T 
sweep around the ellipse. 1 

To Draw a _ Parabola.—Having t 
given the coordinates ab and be, 2 
Fig. 17, to draw a parabola, com- 3 
plete the rectangle abcd. Divide bc iif 


€ and cd into the # 
| same number of 5) 
ii equal parts. Aan 
uf Brom oHeee cas, ¢ 543821b 
qd etc., draw lines Fic. 17 
1’ through a. Through 1, 2, 3, etc., draw 
lines parallel to ab. The intersections 
2" of 1’a.and 1-1”, of 2’a and 2-2”, etc. 
are points on the required parabola. 
3" To Draw a Hyperbola.—Having given 
the coordinates ab and bc, Fig. 18, to 
© e210 draw the curve, complete the rectangle 


Fic. 18 abcd, and divide be and cd into the same 
umber of equal parts. Select any point e on the line ba pro- 
longed; connect 1, 2, 3to e, and 1’, 
2’, 3',to a. The intersections of le 
and i’a, of 2e and 2’a, etc. are 
points on the required hyperbola. 


(a) Fic. 19 (b) 


The farther e is taken from a, the more nearly will the hyper- 
bola appreach a parabola in form. 
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To Draw a Spiral.—First Method—From a point, as 0, 
Fig. 19 (a), draw radiating lines, oa, ob, oc, etc., making equal 
angles with each other. At any point, as d, on oa, start the 
spiral by drawing de perpendicular to oa; from e where de inter- 
sects ob, draw ef perpendicular to ob; etc. By making the 
angle between the lines smaller, the spiral may be made to 
make more turns and the broken line will approach more 
nearly to a curve. 

Second Method—Draw a small circle, as bfa, Fig. 19 (6). 
Divide the circumference into any number of equal parts, 
eight or more. Draw tangents at the points of division, as 
bc, de, etc. With b as a center, and ba as a radius, strike the 


¢ b 


g (») 


Fic. 20 


arc adc. With d as acenter, and dc as a radius, strike the arc 
ce,etc. This method is a very close approximation, though 
not mathematically correct. 

The Roman Ionic Volute.—For the eye, draw the small 
circle, taking one-fourth the distance between ab and cd, in 
Fig. 20 (0), as its diameter. In (a) is shown the eye enlarged. 
Mark points 1 and 2, at the middle of fd and fe. Divide the 
line from 2 to the center of the eye into three parts by points 6 
and 10. Ata distance below cd equal to 234 times the space 
between 2=1 and 6-5, draw 3-4. Draw the line from 1 to the 
center of the eye, also 10-9, 2-3, and 5-4. Draw 45° lines 
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from 3 and 4; draw 6-7, 
10-11, 9-8, 11-12, ana 
7-8. Use the points thus 
found as centers, / being 
the center for arc ae; 
2 for are eg; 3 for arc 
ef; etc. 

To Draw a Helix.—A 
helix is the curve assumed 
by a straight line, as df, 
Fig. 21, drawn on a Fic. 21 
plane, when the plane is wrapped around a cylindrical surface. 
To draw a helix, having given the plan of the cylinder abc 
and the rise c’c’’, divide the arc abc into any number of equal 
d parts, as at 1, 2,b, etc. 
Divide the line c’c’’ into 
the same number of 
equal parts. Draw ver- 
ticals through the divi- 
sions of the arc ubc, and 
horizontals through the 
divisions of c¢’c’’, inter- 
secting in points 1’, 2’, 
b’, etc. Other points 
may be similarly found and the curve drawn. 

To Develop the Surface of a Cylinder Cut by a Plane 
Oblique to the Axis.—Let abc, Fig. 22, be the plan of the cylin- 
der, and a’c’’ the inclination of the cutting plane. Divide the 
arc abc into any number of equal parts, as at 1, 2, b, etc. 
Draw de equal to the semi-circumference, and mark the same 
divisions as on the arc, as d-1’’, 1-2”, etc. After locating 
the points 1’, 2, etc. by means of verticals through the divisions 
on the arc, draw horizontal lines through these points, inter- 
secting verticals drawn through 1’’, 2’’, etc., as shown. Trace 
a curve through the points d, 1’, 2’, etc., and the figure dfe 
will be the development of the half cylinder abc. 
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LAYING OUT ANGLES 


By 2-Ft. Rule.—To lay off any angie given in the following 
table,.by means of a 2-ft. rule, open the rule at the middle 


Angle Chord Angle 
Degrees Inches Degrees 
bike 
10 1 2 
15 15 60 
20 235 65 
25 233 70 
30 35 75 
35 34 80 
40 45 85 
45 433 90 


Chord 
Inches 


Sys 
534 


until the distance between the inside corners at the knuckle 
joint (6-in. mark) is equal to the distance given for that 


angle under Chord. For example, in Fig. 23, the rule is shown | 


to be open 33 in., therefore the angle formed is 30° 


Fic. 24 


To lay off an angle greater than 90°, subtract the angle 
from 180°: lav out the latter angle, extending one side past. | 


i 
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the vertex; the greater angle formed will be the one required. 
By Steel Square.—To lay off any angle given in the table, 
by means of a steel square, set either blade or tongue of the 
Square along the line ab, Fig. 24, marking the 12 in. point at a. 
Mark ¢ at a distance from } equal to that given in the follow- 
ing table for the required angle, and draw ac; then the angle 
bac will be the angle sought, approximately correct. For 
example, to find an angle of 30°, the distance bc is 645 in. 


Angle Distance Angle Distance 
Degrees inches Degrees Inches 
5 17s 33° 42’ 
10 oe as ( pitch) 2 
15 3x5 35 8 
( aoe 4 ro 1025 
itch roo 
nek 2 3 pitch) 12 
224 4% 50 145 
25 533 ee 16 
26° a3" 6 2 pitch) 
(4 pitch) 55 17% 
30 65 60 2045 
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SPECIFIC GRAVITY 


The specific gravity of a solid or liquid body is the ratio 
between its weight and that of a like volume of distilled water 
at 39.1° F. If the solid is of irreguiar shape, its specific gravity 
may be found by weighing it in air and in water; the loss of 
weight in water is the weight of an equal volume of water; 
hence, if W is the weight in air, and W’ the weight in water, 


ifi vity is : 
the specific gravity w—w' 
The weight of water in various conditions is given in the 


following table: 


WET | 
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Weight per Cubic Foot in Pounds 

Water, pure at 32° Wage. cpeiisere cites sees eine ceric 62.417 
Wiater. pure iat) 30d On Biss tailed os nen en erates 5) 62.425 
Water: spure at. 620 aicpes tite oaercr cick ieee nee 62.355 
Waterppure at 212> anceps ei iomiche nae eraaion ine iter 59.700 
Wiater, Sea Si. cntimn nse ciate ren) cetera emia aie 64.080 
ICME aetoe SEO OMS ay Ss SURE aS mo se ain does 57.400 
SLOW pEOS ve.chae cuclete cated sre Che Tie A CTI EMR eo ene 5 to 12 
SHOW WEE cies s,c eters ee er ete tar Melee hc tele NANI roe SURE 15 to 50 


LOADS ON STRUCTURES 


DEAD LOADS 
Loads on buildings may be classed under three general 
divisions: dead loads, live loads, and snow and wind loads. 
The dead loads consist of the weight of the materials com- 
posing the structure. For instance, the brickwork in the 


WEIGHTS AND SPECIFIC GRAVITIES OF METALS 


Weight per | Weight per : 
Name of Metal Cubic Inch | Cubic Foot epee 
Tavity 
Pounds Pounds 

Admin imac cack eerie .096 166 2.66 
Antimonyecceceekiue. .242 418 6.70 
Bismuth «ern eerie 355 613 9.82 
Brass; castiscn mae ciesres .292> 504 8.07 
Brass, rolled) vas. ses .302° 523 8.38 
Copper, Cast.co. nec ahi 319 550 8.81 
Copper, rolled......... 32) 555 8.89 
Gold, 247carat=..eient 697 1,204 19.29 
Fron caste atactlaee coe -260 450 G21 
Tron wrought.......... 277 480 7.69 
Lead, commercial...... -412 712 1t4t 
Mercury, 60° F......... .490 846 13.55 
Silverse ce tec ecient eens 3878 655 10.50 
Steel sR Sega sl 283 490 7.85 
Dinincastuacuonsccntacien -265 458 7.34 
ZANC nettivatn pe ete (208 437 7.00 
walls forms a portion of the dead load upon the footings; the 
materials in the floors impose a dead load upon the columns, | 


etc. In order to figure the amount of the dead loads on | 
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structures and the members therein, the weight of the various 
materiais used must be known, and the accompanying tables 
will be found useful. 


WEIGHTS AND SPECIFIC GRAVITIES OF BUILDING 
MATERIALS, ETC. 


Weight per ‘ 
Name of Material Cubic Foot Specine 
Tavity 
Pounds 
BIMESEORG 4475 aca he ol aicpativciate, Har stovens 160 2.56 
IBTIGlet pressed etie, ore scichacobele: o alare) tots 150 2.40 
TB TICLRCOMINODM. artes.» wis ohare sel ae de 125 2.00 
Cement, Portland (packed)......... 100-120 1.60-1.92 
Cement, Portland (loose)........... 70-90 1.12-1.44 
Cement, Slag (packed) ........+..45 80-100 1.28-1.60 
Cement; Slag’ (loose)... j..05 beeches 55-75 -88-1.20 
CHa einer praise tre ahh oe cites wins 156 2.50 
(Charcoalsu. Sime Muda eeteh Asterdcvs Stages 15-34 24-.54 
Cinder CONCrebe «tats «.c/eievsce evaveratete eae 110 1.76 
Clay Mordinaty=sccals..cisiatnee «areeloe.e 120-150 1.92-2.40 
Coalhardsssoltd si comicmicievediatisteiee 93.5 1.50 
Codi, nardibno Kensie spite olde els) « 54 -867 
COalNSOEE SOMO ye eiroterteasele eves rele 84 1.35 
Woalesott, broken. sane sctausterta soko 54 .87 
Coke, loose ‘ eae 23-32 37-51 
Concrete, cement, stone, or gravel ...} 140-155 2.24-2.48 
PALEUS SAUOTICCN. Od orale, ae efor Shere ee lace. 6 90-100 1.44-1.60 
Granite Pages es Gialeharsreepstee pis tree's Oe 165-170 2.64-2.72 
GPa rhe haytee apecte tegen seh oete siete ceive 117-125 1.87-2.00 
Lime, quick (ground loose).......... 53 85 
IEAITESEOMES So ha's elorcupteiete Caer eiehere esl sae 170 2.72 
IMAG be iia cites) «ava 's staxarersitiavetereca reer’ 164 2.62 
Plasteriof Paris (Cast) in. «aes 463 ne 80 1.28 
ANG eins cise etc TA RS BRN Pew icar 90-106 1.44-1.70 
SANGSLONMEH acc nacrecotererevercisnehe sor ces Lore 51 2.42 
SAIS Sotiy cmc, ofch ovnit Div wuteheseefote-Acasiet els 162 2.60 
Sabet Meacterntotar avait crete to slaty ore oceue 160-180 2.56-2.88 
Ent COLLAM ete = ehstereveus ena «ate viele 110 1.76 
UIFADETOC ce qeicytitelel sce Welaysnariia staisi > atebe 170 2.72 


In calculating the dead loads, there are certain weights 
that must be assumed. For instance, the weight of the floor- 
beams and girders are not known, because their size has not 
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WEIGHTS AND SPECIFIC GRAVITIES OF MASONRY 


Masonry 


Common brickwork, cement mortar.. 
Common brickwork, lime mortar .... 
Granite or limestone rubble, dry..... 
Granite or limestone rubble 
Granite or limestone, dressed 


Pressed brickwork 
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Weight per 
Cubic Foot 


Pounds 


WEIGHTS OF DRY WOODS 


Name of Wood 


Evergreens 
Cedar, canoe...... 


Fir, balsam....... 
Fir, red of Califor- 


Pine, Oregon...... 
Pine, long-leaf.... 
Pine, short-leaf... 


patties OMe HOG 
Spruce, black..... 
Spruce, Norway .. 
Spruce, Sitka..... 
Spruce, white..... 

Hardwoods 

Ash, blaek ets 
Ash, white........ 
Basswood......... 


Weight 
per 
Cubic 
Foot 


Pounds 


Name of Wood 


Hardwoods 


Birch! red)... 6. 
Chestnut.2.2....5. 
Gherryisco tee ee 
Elm 


Poplar, yellow .... 
Sycamore. ........ 
Walnut, black .... 
Rare Woods 
Boxwood sj. 4.\<s1 6 
PODOMY). ike cheers 
Mahogany........ 
Rosewood........ 
Teak 


Walnut, Circassian 


Walnut, Persian. . 


Specific 
Gravity 


ENNNNNEN 
ipPNoOS 


Seog 
ONE ROPNO 


| 
| 
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APPROXIMATE WEIGHT OF BUILDING MATERIALS 


Material 


Corrugated galvanized iron, No. 20, unboarded 
Copper, 16 oz., standing seam. Sie é 
Felt and asphalt, without sheathing. me Os A 
Glassen thick pear ate sass ea tek ee 
Hemlock sheathing, 1 in. thick. SAE ott 
Lead about Fins thicke roils es es ce wees ae 
Lath-and-plaster ceiling (ordimarv)............ 
Neponset roofing felt, two layers.............. 
Plaster lath, 3 in. thick, with plaster........... 
Spruce sheathing, 1 in. thick............5.0.%% 
Slate, #5 in. thick, 3 in. double lap............ 
Slate, } in. thick, 3 in. double lap............. 
Shingles, 6’ "X18", one-third to weather........ 
Skylight of glass, 3; to 4in., including frame. . 
Slag roof, 4-ply. 0%). 05 loc cssesessccsssccs ess 
LAAN pL erpess cot oon.e el tabling eis rareroreee cae eis thee ee 
Tiles (plain), 103” X63’ x $’—5}” to weather. 
Tiles (Spanish), 143% 103’’—7 4" to weather... 
White-pine sheathing, lin. thick Spaieiataxdnath eee 
‘Yellow-pine sheathing, i in. thick............. 


Average 
Weight 
Pounds per 


Square Foot 


lhinleo 


» 


wor ct bo 
BLO arms wo PAV 
_ 
o 


as yet been determined; likewise. the dimensions of the columns 


and many other structural details are unknown. 


WEIGHT OF HOLLOW TILE 


The assumed 


Kind Span Thickness 


Feet Inches 
Dense-tile flat Yeh mange 4to7 6 to 12 
Dense-tile partition...... 3 to 6 
Porous-tile partition..... 3 to 6 
Porous-tile ceiling....... 2to4 
Porous-tile roofing....... 2to4 


Weight 
Pounds per 


Square Foot 


22 to 42 
15 to 24 
17 to 26 
12 to 20 
12 to 22 


weights are obtained by approximating the dimensions of tu 
parts of the structure and estimating their weights. After 
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the structure has been designed, the actual dead loads should 
be checked, to make sure they approximate closely to those 
assumed. If any considerable variation is found, it can be 


WEIGHTS OF FLOORS, PARTITIONS, AND ROOFS 


Pounds per 


Description Square Foot 
Floors, Including Weight of Beams 
Wooden, 2’’X10’’ joists, 1 floor, plaster ceiling 11 to 14 
Wooden, 2’’X12"’ joists, 2 floors, plaster ceiling 14 to 17 
Hollow tile, end or side construction, 2 floors, 

Ceti ore wrleietersiaycuertce e-aunnohavepells .Afoyete seis eae 55 to 70 
Hollow tile, segmental, 6-in. to 8-in, tile, 1 floor, 

Gelling ion anche e ctemmics ahyace Seremesionete ie ee 60 to 70 
Hollow tile, Natco, 4-in. to 12-in,, 1 floor, ceiling | 60 to 90 
Hollow tile and concrete beams, 4-in. to 15-in., 

2 floors; ceiling". kn enero eee 65 to 185 
Brick-arch, 4-in. and 8-in., 1 floor, ceiling ...... 75 to 115 
Concrete slabs, top slab, 2 floors, ceiling, hung| 65 to 90 
Concrete slabs, bottom slab, 2 floors, ceiling....| 70 to 115 

Partitions, Plastered Both Sides 
PSA rks ee: bee Bora SONS, Aa To levoeronie the 15 to 20 
Perraicottay G-1. DIOCKS:.7. enh eciemicimucleieris 25 to 27 

erra cotta, 4-1n. DIOCKSs.4.. pcmavcutehs eierehelenen beset 26 to 28 
Terracotta; 5-1n.iblocksi.4. chemo ce ce yies 34 to 36 
Gypstim, Sins blocksas tetas oe oe eee 18 
Gypsum) 4-in. blocks nics. 00 csteinereiee eerie 20 
GY psi, 6-1 DlOCKS. ume utelerhe ke eatin tee oe 25 

Roofs, Including Weight of Rafters 
Shingles, on lath and wooden rafters........... 6 to 10 
Tin on boards and felt and wood rafters........ 6 to 8 
Slate on lath and wood rafters................ 10 to 15 
Tar and gravel on boards and wood rafters..... 10 to 14 
Corrugated iron and wood rafters............. 4to6 
Tile on felt and boards and wood rafters....... 15 to 22 


Nore.—If roofs are lathed and plastered on the underside of 
rafters, add 6 lb. per sq. ft. to the weight given. If the ceiling 
is hung from the rafters or floor beams on wood or metal 
framing, add 9 to 10 lb. per sa. ft. 


taken care of by increasing or diminishing the sizes already 
determined. 

Weight of Fireproof Floors.—In figuring the dead load for 
any system of floor construction, it is necessary to calculate 


STRUCTURAL DESIGN 71 


carefully the total weight of the elements composing the 
system, which are the arches, filling, flooring, ceiling, and the 
steel construction. The weight of fixed or permanent parti- 
tions should always be taken into account, and the beams, etc.’ 
carrying them, proportioned accordingly. Where the parti- 
tions are movable, an additional weight of, say, 20 lb. per sq. 
ft., should be added to the dead load on the entire floor area. 

Where only the approximate dead load due to the floor, 
partition, or roof construction is desired, the preceding table 
will be of use. In this table, the wooden floors and roof 
sheathing are taken as } in. thick; cinder fill is estimated at 60 
lb. per cu. ft.; and cinder concrete, at 110 lb. per cu. ft. 


LIVE LOADS 
The live load is variable, and consists of the weight of people, 
furniture, stocks of goods, machinery, etc. The amount of 
this load, which should be added to the dead load, depends on 
the use to which the building is to be put. Where the floor 
is required to support a considerable live load, concentrated 


LIVE LOADS OF BUILDINGS 


Pounds per 


Type of Building Square Foot 


Dwellings, offices, hotels, and apartment 


HOUSES HRs cacoPe aie eaeatece eran cond cine tae elsd ete 40 to 70 
Theaters, churches, ballrooms, and drill halls..| 80 to 120 
JAGXSIOIT ES 6 eet oil Ocal pO OION AC MWD OSU 150 up 


150 to 250 up 


Warehouses 


at a particular place, such as a heavy safe or piece of machinery, 
special provision should be made in the floor construction for 
it. The preceding table gives the live loads per square foot 
sometimes used in building construction, although the decision 
in each individual case depends on local conditions and the 
experience of the designer. 

A live load of 70 lb. per sq. ft. will seldom be attained in 
dwellings; but, as city houses are liable to be used for other 
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than dwelling purposes, it is not generally advisable to use a 
lighter load. In country houses, hotels, etc., where economy 
demands it, and the intended use for a long time is certain, a 
live load of 40 lb. per sq. ft. of floor surface is ample for all 
rooms not used for public assembly. For such rooms, a live 
load of 80 lb. per sq. ft. will usually be sufficient, as experience 
shows that a floor is not apt to be crowded with a greater 
weight than this. If the desks and chairs are fixed, as in a 
schoolroom or church, a live load over 40 to 50 lb. will never be 
attained. 

Office-building floors have been designed for a live load 
ranging from 20 to 150 lb. per sq. ft., but a conservative prac- 
tice is to use about 70 lb. per sq. ft. An investigation of the 
live loads in over 200 office buildings in Boston showed that 
the greatest live load in any office was 40 lb. per sq. ft., and 
the 10 heaviest loaded offices averaged 33 lb. per sq. ft., the 
average live load for the entire number of offices being about 
17 Ib. per sq. ft. 

Retail stores should have floors proportioned for a live load 
of 100 lb. and upwards; and, for wholesale stores, machine 
shops, etc., a live load of at least 150 lb. per sq. ft. should be 
figured on. The static load in factories seldom exceeds 40 to 
50 lb. per sq. ft. of floor surface, and usually a live load of 100 
lb., including the effect of vibrations due to moving machinery, 
isample. The conservative rule is, in general, to assume loads 
not less than the : oregoing, and to be sure that the beams are 
proportioned to avoid excessive deflection. Stiffness is as 
important a factor as mere strength. 

In designing the floors of office buildings, or buildings of like 
character, it is good practice to figure the full live load on the 
floor joists or beams, but to consider only a certain percentage 
as coming upon the girders, columns, and foundations, on the 
assumption that all of the floors will not be fully loaded at the 
same time. This percentage should be carefully considered 
in each case; and the amounts will depend on the height of the 
building in question and the judgment of the designer. 

In proportioning the foundations of hotels, office buildings, 
etc., a reduced live load is used, but full live load should be 
taken for warehouses. In buildings with heavy machinery 
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causing much vibration, it is good practice to double the 
estimated live load. 


SNOW AND WIND LOADS 

Snow Loads.—Data in regard to snow and wind loads are 
necessary in connection with the design of roof trusses. Snow 
loads are generally estimated in pnounds per square foot of 
horizontal projection of roof, and as acting in a vertical direc- 
tion. For slopes of 20° and under, a snow load of 25 lb. per 
sq. ft. of horizontal projection of roof is a safe allowance. 
This load may be reduced 1 lb. for each additional degree of 
increase in the slope of the roof. When snow guards are used, 
the reduction should be only # lb. for each additional degree of 
rise over 20°. When the pitch is 45° or over, the snow load 
may be neglected, if snow guards are not used, as the action of 
the wind, together with the slope of the roof prevent the accum- 
ulation of snow. Snow loads naturally vary with the climate 
and latitude. The maximum allowances that may be made 
in different localities in the United States are given in the 
following table. 


MAXIMUM ALLOWANCE FOR SNOW LOADS 


Pounds 
Locality per Square 
Foot 
Southern States and Pacific Slope............. 5 
Baltimore, Cincinnati, and St. Louis........... 10 
Philadelphia, Pittsburg, and Wheeling......... 15 
New York City, Chicago, and Cleveland....... 20 
Boston, Albany, Buffalo, and St. Paul..... Soon e 25 
Northern New England, Michigan, and Minne- oe 
SGC Pana aha ccna cee ear Cente sheets coe ater renee <'etet 


Wind Loads.—The wind is considered as blowing in a hori- 
zontal direction, but the resulting pressure on the roof is gen- 
erally taken normal (at right angles) to the slope. The greatest 
wind velocity recorded in the United States is 100 mi. per hr. 
Calculations show that a wind of that force will exert a pressure 
against a vertical surface of about 50 lb. per sq. ft., but in 
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practice 40 ib. per sq. ft. is taken as the maximum. ‘The 
following table shows the pressures exerted against a. vertical 
plane surface by the wind at different velocities. 

The wind pressure upon a cylindrical surface is one-half that 
upon a flat surface of the same height and width. As the wind 
is considered as traveling in a horizontal direction, it is evident 
that the more nearly vertical the slope of the roof, the greater 


TABLE OF WIND PRESSURES 


Miles Force, in 
. Feet per | Feet per e 

Strength of Winds te Wrnctarlcecond cneeag pee 
Hardly perceptible... 1 88 1.47 .005 
Just perceptible ... { 5 ie aan Soe 
Gentle breeze ..... { 3 we oe yess 
10 880 14.67 -492 
Pleasant breeze... . { 1 5 1,320 22.00 1.107 

p 1 E 4 

Bee Pale sy, seisisseyers { 25 2200 36.67 8.075 
; ; 0) i i 4.428 
Sc ee eames 
Vase dale ch on: { 45 ) 3,960 | 66.00 9.963 
Storm hcseanesemier a : pu sees ie au 
Wet aaa 70 | 6160 | 102.67 | 24.108 
Hurricane or cy- 80 7,040 117.33 31.488 
clonet's. Sinan s 100 8,800 146.67 49.200 


will be the pressure, and the more nearly horizontal the slope, 
the less will be the pressure. In the following table is 
given the pressure exerted upon roofs of different slopes, by a 
wind pressure of 40 lb. per sq. ft. on a vertical plane, which is 
equivalent in intensity to a violent hurricane. 

In addition to wind and snow loads upon roofs, the weight 
of the principals or roof trusses, including the other features 
of the construction, should be figured in the estimate. For 
light roots having a span of not over 50 ft., and not required 
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WIND PRESSURE ON ROOFS, IN POUNDS PER SQUARE 


FOOT 
Rise in Angle Pitch, Wind Pressure 

Inches per With Proportion of Normal 
Foot of Run Horizontal Rise to Span to Slope 

4 18° 26’ 4 16.8 

6 26° 34’ 4 23.8 

8 Boat” 4 29.2 

12 45°20’ 3 36.2 

16 I (BV A 38.8 

18 56° 19’ 2 39.4 

24 63° 267 1 40.0 


to support any ceiling, the weight of the steel construction 
may be taken at 5 lb. per sq. ft.; for greater spans, 1 lb. per 
sq. ft. should be added for each 10 ft. increase in the span. 


STRENGTH OF MATERIALS 


Stress.—Stress is the cohesive force by which the particles 
of a body resist the external load that tends to produce an 
alteration in the form of the body. Stress is always equal to 
the effective external force acting upon the body; thus, if a 
bar is subjected to a direct pulling force of 1,000 lb. a stress of 
1,000 Ib. is induced in the bar. Unit stress is the stress per 
square inch of section. For instance, if the bar just mentioned 
is 1 in.X2 in. in section, the unit stress of the bar will be 
1,000 + 2 (sectional area in square inches) = 500 lb. 

Tensile stress is produced when the external forces tend to 
stretch a body, or pull the particles away from one another. 
A rope by which a weight is suspended is an example of a 
body subjected to tensile stress. Compressive stress is produced 
when the forces tend to compress the body, or push the par- 
ticles closer together. A post or column of a building is sub- 
jected to compressive stress. Shearing stress is produced when 
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the forces tend to cause the particles in one section of a body 
to slide over those of the adjacent section. A steel plate 
acted on by the knives of a shear, or a beam carrying a load, 
is subjected to shearing stress. The stresses in any structure 
may be reduced to combinations of tensile, compressive, and 
shearing stresses. 

Deformation.—When a body is subjected to stress, there is 
a change in its dimensions or shape, which is called a defor- 
mation. The deformation in a unit length of a body is the 
unit deformation and is found by dividing the total deformation 
by the length in which it occurs. 

Elastic Properties and Strength. When a body is first sub- 
jected to a stress and then the forces or loads causing the stress 
are removed, the body will return to its original dimensions, 
provided the unit stress has not exceeded a certain value called 
the elastic limit. 

For unit stresses below the elastic limit, the ratio of the unit 
stress to the corresponding unit deformation is a constant, 
called the modulus of elasticity. If f represents the unit stress, 
k the corresponding unit deformation, and E the modulus of 
elasticity of the material, , 


The unit stress obtained by dividing the maximum load that 
a specimen of material can sustain by the original cross-sectional 
area of the specimen is called the ultimate strength of the mate- 
rial. When a beam is loaded to failure, the maximum unit 
stress in the material is called the modulus of rupture. 

Average values of the elastic limit in tension or compres- 
sion, the modulus of elasticity, the ultimate strength, and the 
modulus of rupture of the important metals used in construc- 
tion are given in the table on page 77, and the ultimate 'com- 
pressive strength and modulus of rupture of stone and brick, 
in the table on page 78. 

Allowable Unit Stresses.—Generally the allowable unit 
stress to be used under given conditions is fixed by speci- 
fications or building codes. However, it is sometimes deter- 
mined by dividing the ultimate strength of the material by a 
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STRENGTH OF STONE AND BRICK 


elo: ae of 
é trengt. upture 
Ateteciat Pounds per Pounds per 
Square Inch Square Inch 
Granite...... MM dio Mauser 15,000 1,500 
Sandstone........ Awe 10,000 1,200 
Mimestone si: <acsce tele « 10,000 1,200 
Marble sa. chien sestecersierre 12,000 1,400 
Common brick....... 5 ate 4,000 500 to 1,000 
Pressed brick..........-. 8,000 600 to 1,200 
Pavingibnicke roc «ieee 10,000 1,500 to 2,500 


suitable number called a factor of safety. Average valucs for 
the factor of safety to be used under various conditions are 
given in the following table. 


FACTORS OF SAFETY 


Gradually | Suddenly 
Material Applied Applied Shocks 
Loads Loads 
Brick and stone..... ales © 15 25 30 
Gastarony, Soe sien stele. eferete 6 15 20 
Steel castings...... BDORCIC 6 8 20 
Stracturalisteelix .s.cecwe se 4 6 10 
Wrought iron...... nebeidec 4 6 10 


The allowable unit stresses, in pounds per square inch, for 
steel that are recommended by the American Institute of Steel 
Construction are as follows: 


Tension on net section of rolled shapes or built- 

UP Mempersern mop wus lei lamiaiie taro aeeaanors ane 20,000 
Tension on nominal area of cross-section of 

Ti CtR) Ros PM td clos Fk ee eae we Rt: Meas 15,000 
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Compression on gross section of columns for 
which ratio of unsupported length / to radius 
of gyration r is less than 120: 


1\2 
17,000 — 485(~) 
r 


Compression on gross section of columns for 
which ratio of 1 to r exceeds 120: 


18,000 
oe es 
18,000\r7 
Compression on plate-girder stiffeners......... 20,000 
Compression on webs of rolled sections........ 24,000 
Tension on extreme fibers of rolled shapes or 
built-up members in bending............... 20,000 


Compression on extreme fibers of rolled shapes 
or built-up members in bending when ratio 
of unsupported length l’ to width b of com- 
pression flange is less than 15.............. 20,000 
Compression on extreme fibers of rolled shapes 
or built-up members when ratio of l’ to b is 
greater than 15: 


22, 22,500 
oeney 
UF 1,800 

Tension or compression in extreme fibers of pins 

AMMEN UO, Nair Sens sea itlore oy Towle wile leks = cellelanet 30,000 
Shearing on gross area of webs of beams and 

PIVeRSIL ors cm arsta Pevensie susie, ereetorevsversye scala’ aie 13,000 
Shearinie Or LIVetSs seers ole vie clatelesle ejele viiein = 15,000 
Shearing on pins or turned bolts in reamed or 

Grilled holes: saa ainwiemi sites sien eek ca pase 15,000 
Shearing on unfinished bolts...........+..00+ 10,000 


Bearing on rivets or turned bolts in reamed 
holes, when rivets or bolts are in double 


Bearing on rivets or turned bolts in reamed 
holes, when rivets or bolts are in single shear 32,000 


eet S| 
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Bearing on unfinished bolts in double shear... . 25,000 
Bearing on unfinished bolts in single shear ... .20,000 
Bearing: Of) pins va nelare.ctetace a) ohesernistetcistoleveteierehar 32,000 — 
Bearing on contact area of member with milled 
SUTPACE Aen b Heo cocks See aie ee eee 30,000 
Bearing on contact area of fitted stiffener ..... 27,000 


Bearing per linear inch of roller, 600 times the diameter of | 
the roller in inches. 

For combined stresses due to wind and other loads, the | 
values may be increased 333%, provided the section thus 
found is not less than that required by the dead and live loads | 
alone. 

Allowable unit stresses for timbers depend on the species 
and quality of the wood. Safe pressures for masonry are 
given in the following table. 


SAFE PRESSURES FOR MASONRY 


Safe Pressure 


Material Pounds per | 
Square Inch | 


| 
Common brick, in lime mortar............- 100 | 
Rubble masonry, in lime mortar........... 150 
Common brick, in portland-cement mortar 200 | 
Rubble masonry, in portland-cement mortar 200 
Hard brick, in portland-cement mortar..... 250 
Sandstone ashlar, in portland-cement mortar 400 
Limestone ashlar, i in portland-cement mortar 500 
Concrete, 1:2:4 or 2,000-pound at 28 days. . 600 
Granite ashlar, in portland-cement mortar. 800 


COMPOSITION AND RESOLUTION OF FORCES | 


CONCURRENT FORCES 


Definitions.—The resultant of two or several forces acting | 
on a body is the single force that, if acting alone, would produce | 
the same effect as the several forces combined. The latter 
forces are called components with respect to the resultant, 
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Composition of forces is the process of finding the resultant 
when the components are known. The converse process of 
finding the components when the resultant is given, is called 
resolution of forces. 

Parallelogram of Forces. 
If two forces, as Fi and Fo, 
Fig. 1, are represented in 
magnitude and direction by 
two lines, as OA and OB. 
their resultant R will be rep- 
resented in magnitude and Fic. 1 
direction by the diagonal OC 
of the parallelogram OACB which is constructed by drawing 
BC and AC parallel to OA and OB, respectively. 

The resultant R can also be determined by the formula 


R= VF24+F2+2FiFs cos L, and the angles M1 and Methat R 
makes with Fi and Fe, respectively, may be found by the 
formulas, 


F2 sin L 
eae ses ecm 
R 
Fisin L 
and sin i So eiedois 


For rectangular components. L=90°. The formulas then 
become: 


i Fo 
AM; sin ge oe 
Eye 
: 1 
7 sin M;.=— 
PY Et ah ep eA 


Resolution of Forces. 
A given force may have 
an innumerable number of combinations of components. The 
problem is, however, determinate when the directions of the 
components are given. 

Let OC, Fig. 2, represent in magnitude and direction the force 
Racting at O, and let it be required to find its components in the 
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directions OX1 and OX. Draw from C, lines parallel to these 
directions meeting OXi at A and OX2 at B. Then, OA and 
OB are the required components Fi and F2, They may be 
determined also by the formulas 
R sin Me 
* sin (Mi-++ Ma) 
Rsin M1 
h=—————— 
sin (Mi+ M2) 
When Fi and F»2 are perpendicular to each other, then My 


and 


+M2=90° 
and Fi=Rsin M2 
Fo=R sin My 
When the components are horizontal and vertical, 
X=F cos H 
Y=F sin H 


in which F =given force; 
H=angle that force makes with horizontal; 
X =horizontal component of force; 
Y =vertical component of force. 


Triangle of Forces.—In Fig. 1, AC is equal and parallel to 
DB, and therefore AC as well as OB represents the force Fo. 
Hence, the resultant of Fi and F2 can be determined by merely 
drawing the triangle OAC as follows: Lay off OA representing 
Fi, from its end A lay off AC representing Fe, and draw the 
line from O to C, completing the triangle OAC. Since BC is 
equal and parallel to OA, OC can be determined by construct- 
ing the triangle OBC instead of the triangle OAC. Either of 
the triangles OAC or OBC is called a triangle of forces. 

Polygon of Forces.—The following rule may be applied for 
finding the resultant of any number of concurrent forces: 

Rule. —Beginning from any convenient point, lay off the given 
forces to any suitable scaie in continuous order, that is, start each 
force at the end of the preceding one. Then, complete the polygon 
of forces by drawing a line from the beginning or origin of the 
first force to the end of the last force. The length of this line, 
measured to the scale used for laying off the forces, is the magnitude 
of the required resultant, 
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Balanced Concurrent Forces.—When a system of forces is 
balanced, the lines representing the forces must form a closed 
figure when laid off in a polygon of forces. 

Problems involving balanced systems of forces may be 
divided into two classes. In the first class, it is required to find 
the magnitude and direction of one force of the system; in the 
second class it is required to determine the magnitudes of two 
forces whose lines of action are known. 


Fac. 73. 


To solve a problem of the first class, all the known forces are 
laid off in continuous order and the polygon of forces is closed 
by drawing a line from the end of the last force to the origin of 
the first force; the closing line represents the required force. 
In solving a problem of the second class, all the known forces 
are also laid off in continuous order. However, in this case, 
the polygon of forces is completed by drawing first an unlimited 
line through the origin of the first known force parallel to the 
line of action of one unknown force, drawing another linethrough 
the end of the last known force parallel to the line of action of 
the other unknown force, and continuing the two lines until 
they intersect. The two lines thus determined represent the 
required forces. 

EXAMPLE 1.—The point P, Fig. 3 (a), is held in equilibrium 
by the four forces Fi, Fe, Fs, and Fi. The magnitudes and 
directions of Fi, F2, and Fs being as shown, find the magni- 
tude of Fs and the angle that Fs makes with Fi. 
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SoLuTION.—The polygon of forces is constructed in Fig. 3 
(b). Starting at any point A, the line AB is first laid off to 
scale to represent Fi, BC is next drawn in continuous order with 
AB to represent F2, and CD is then laid off in continuous order 
with BC to represent F3. Since Fs must complete the polygon 
of forces, the magnitude of Fs is the length of DA, which is 
251 lb. 

The direction of DA is as indicated by the arrowhead, the 
force being in continuous order with CD and AB. The angle 
BAE between Fi and F, is 68° 50’. 


==2 5001b. 


Kei 
4 F=20,500/b. ri 


EXAMPLE 2.—In Fig. 4 (a) are shown the forces acting at the 
joint P in a roof truss, the joint being in equilibrium. The 
weight F: is 2,500 pounds and the forces F2 and Fs: were found 
by previous calculations to have the magnitudes and directions 
indicated. Determine the magnitudes and directions of Fa 
and Fs, which act along the lines PM and PN, respectively. 

SoLuTION.—First, the lines AB, BC, and CD representing 
the known forces Fi, F2, and Fs are laid of in continuous order 
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to scale, as shown in Fig. 4 (b). Then, since the lines represent- 
ing Fs and Fs; must complete the polygon of forces, and since 
these lines must be parallel to the known lines of action of the 
forces, the line DG of unlimited length is drawn parallel to PM 
in (a) and the line AE is drawn parallel to PN. The required 
polygon is ABCDEA, and Fi: and F; are represented by DE 
and EA, respectively. The magnitude of Fu, as indicated by 
the length of DE, is 17,500 lb., and the magnitude of Fs, or 
the length of EA, is 20,500 lb. 

The forces in the force polygon must be in continuous order 
and, therefore, the directions of Fs and Fs are as shown by the 
arrowheads in (b). Hence, both forces act away from P as 
indicated by the arrowheads on their lines of action in (a). 

Equations of Equilibrium.—For every balanced system of con- 
current forces, the algebraic sum of the components in any direc- 
tion is zero. in solving problems, it is customary to consider 
two directions at right angles to each other. 

The symbol of summation 2, read sigma, is often used to 
indicate the algebraic addition of a series of similar quantities. 
If, for example, several quantities are denoted by X1, X2, X3, X4, 
etc.,,their algebraic sum Xi1+X2+X3+X1+ .. is denoted by 
the expression 2X, read sigma X. With this notation, the 
algebraic sum of the components, X1, X2, etc., of any number of 
forces may be denoted by 2X. 

The relations among the components of the forces of a 
balanced system may be expressed by the equations 


2x =0 
and zY=0 
in which 2X and ZY =algebraic sums of components of given 


forces. 
PARALLEL FORCES 


Moments of Forces.—The moment of a force about a point 
is the product obtained by multiplying the magnitude of the 
force by the perpendicular distance from the point to the line 
of action of the force. In Fig. 5, the moment of F about the 
point C is Fp; and about the point Ci it is Ff. 

The point to which a moment is referred, or about which a 
moment is taken, is called the center of moments, or origin of 


+ SORT Ree 
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moments. The perpendicular # or #1 from the origin of moments 
to the line of action of the force is called the lever arm, or simply 
the arm,-of the force with respect to the origin. A moment is 
expressed in-foot-pounds, inch-pounds, etc., according to the 

units to which the force and its arm are 


Geel O/ referred. | 
The moment is either positive or nega- | 

| 

| 


4 tive, depending on the direction in which 
/ the force tends to cause rotation. It is } 
; positive for clockwise motion, and negative 
/ for counter-clockwise motion. Thus, the 
/ moment of F about C is positive and the 
moment about Ci is negative, because, if | 
P, the arms ~ and #1 were bars, the force 
would tend to rotate pin a clockwise direc- 
tion about C, and 1 in a counter-clockwise | 
direction about C1. | 
Resultant of Parallel Forces ——The result- 
Fic. 5 ant of any system of parallel forces is 
equal to the algebraic sum of the given 
forces. The distance from any point to the line of action of 
the resultant is found by the formula | 


2M 


a: 


in which p;= distance from any point to resultant; 


2M =algebraic sum of moments of forces about that 
point as a center of moments; 
R=resultant of system. 


Balanced Parallel Forces.—In a balanced system of parallel 
forces, the algebraic sum of the forces must be equal to zero 
and the algebraic sum of the moments of the forces about any 
point as a center must also be zero. These conditions may be 
expressed by the formulas 

2F=0 
and 2M=0 
in which =F =algebraic sum of forces; 
2M =algebraic sum of moments about any point. 
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Two equal parallel forces acting in opposite directions along 
different lines form a couple, in which SF is zero but 2M is 
not zero. Hence, a couple is not a balanced system, but tends 
to cause rotation of the body on which it acts. 


PROPERTIES OF SECTIONS 
CENTER OF GRAVITY 


Plane Figures.—The center of gravity of a body is the point 
through which the force representing the weight of the entire 
body passes regardless of the position of the body. 

The center of gravity of a parallelogram is at the intersection 
of the diagonals or midway between either pair of parallel 
sides. That of a triangle is at the intersection of lines drawn 
from the vertexes to the middle points of the opposite sides; 
the perpendicular distance from any side to the center of gravity 


of the triangle is equal to one-third the altitude when that side 
is considered as the base. 

The center of gravity of any trapezoid can be located by the 
following method: 

Rule.— Draw the median line joining the middle points of the 
bases. Produce the bases in opposite directions, making the 
prolonged part of each base equal to the other base. Drew @ 
line joining the ends of the prolonged parts. The point where 
this line intersects the median line is the required center of 
gravity. 

To find the center of gravity of the trapezoid in Fig. 6, lay off 
BF=DC and DE=AB; the center of gravity is at the inter- 
section of EF with M1 Mz, the line joining the middle points 
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of the parallel sides. The perpendicular distance from the 
longer base to the center of gravity may be found by the formula 


m_ b1+2b2 
Si 
3 bith 
in which y=perpendicular distance from longer base to centet 
of gravity; 


m=altitude of trapezoid; 
bi1=longer base; 
be=shorter base. 

The center of gravity of a symmetrical plane figure lies on 
the axis of symmetry. If there are two axes of symmetry, the 
center of gravity is located at their point of intersection. 
The center of gravity of a circle or an ellipse is at the geometrical 
center of the figure. 

For a circular sector, 

2407 sin 4L 

aL 


Ve 


in which ry=radius of sector; 
L=central angle; 
ye == distance from center to center of gravity of sector, 


In the denominator of the second member of this formula, 
the angle L is expressed in degrees and a decimal part of a 
Ylegree. 

For a circular segment, 

240r sin’ 42 
aL —180 sin L 


te. which yo=distance from center to center of gravity of seg- 
ment; 
r=radius of segment; 
L=central angle of segment. 


co 


In the quantity rL, the angle L is expressed in degrees and 
a decimal part of a degree. 

To compute the perpendicular distance from a reference line 
to the center of gravity of a complex figure, proceed as follows: 
Divide the figure into elementary parts whose areas can be found. 
easily and whose centers of gravity can be located by the 
methods just described. Find the area of each part and the 
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perpendicular distance from the reference line to its center of © 
gravity, and apply the formula 
=M 
A 
in which »,=perpendicular distance from any reference line to 
center of gravity of figure; 
2M =algebraic sum of moments of areas of parts of 
figure with respect to that reference line; 
A=area of entire figure. 


De 


EXAMPLE 1.—Locate the center of gravity of the angle sec- 
tion OABCDE, Fig. 7, by determining its perpendicular dis- 
tances from the edges OA 
and OF. 

SoL_uTion.—The given fig- 
ure is first -divided into the 
rectangles A BHO and CDEH 
by prolonging BC to H. The 
area of ABHO is AOXAB= 
6X.75=4.5 sq. in., the area 
of CDEH is EHX ED=(3.5 
—.75) X.75=2.06 sq. in., and 
the area of the angle is 4.5 
+2.06 = 6.56 sq. in. 

The center of gravity of 
the rectangle A BHO is at Gi 
and that of the rectangle 
CDEH is at G:. To locate 
the center of gravity Gof the 
entire angle, the perpendicu- 
lar distances LG and PG from 
the edges OA and OE, respect- 
ively, are determined. 

The arm of the area of A BHO about the line OA is JG:=40H 
=4.75=.375 in., and the arm of the area of CDEH 


3.5—.75 
about OA is EEA OE REE TOA =2.13in. Then, 


the distance LG from OA to the center of gravity of the given 
figure is found by the formula 
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EM 4.5X.3754+2.06X2.13 
pS ee OS 
A 6.56 


With respect to OE as a reference line, the arm of the area of 
ABHO is MGi=30A =3 in. and the arm of the area of CDEH 
is NG.=4DE=.375 in. Then, the distance PG from OE to 
the center of gravity is 
“2M 4.5X3+2.06X .375 

6.56 


EXAMPLE 2,—Find the center of gravity of the section 
shown in Fig. 8. 

SoLuTION.—The center of gravity is on the line YY, which 
is an axis of symmetry. To find the distance y, divide the 
section into angles and plates and take moments about XX- 
The areas and centers of gravity of the angles might be located 
by the preceding principles or taken from a manufacturer’s 
handbook. They are: for the 4’ x4’’X3" angle, area=3.75 
sq. in. and distance from center of 
gravity to back of angle =1.18 in.; 
for the 33'°X33''X}4”" angle, area 
=3.25 sq. in. and distance from 
center of gravity to back of angle 
=1.06in. Hence, the moment of 
the bottom angles is 2X3.75X1.18 
= 8.85 and that of the top angles 
is 2X3.25(15—1.06) =90.61. The 
moment of the two web plates is 
2X15X4X7.5=112.5, and that of the cover-plate, 24 4X 15.25 
=183.00. The sum of the moments is 8.85+90.61+112.5 
+ 183.00 =394.96. The sum of the areas is 2X3.25+2X3.75 
+24X4$4+2X15xX4=41sq.in. Then, y=394.96+41=9.63 in. 

Center of Gravity of Solids.—For a solid having three axes 
of symmetry, all perpendicular to each other, like a sphere, 
cube, right parallelopiped, etc., the point of intersection of these 
axes is the center of gravity. 

For a cone or pyramid, draw a line from the apex to the 
center of gravity of the base; the required center of gravity is 
one-fourth the length of this line from the base, measured ou 
the line. 


= 2.18 in. 


r 
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MOMENT OF INERTIA 


The moment of inertia of a plane figure about a given axis 
is the quantity obtained by multiplying each of the very small 
areas into which the figure may be conceived to be divided, by 
the square of the distance from the axis to its center of gravity, 
and adding the products. The moment of inertia is generally 
designated by the letter J. 

Formulas for the values of I about an axis passing through 
the center of gravity of the section are given for various forms 
of sections in the accompanying table. Formulas and values 
of I for rolled-steel sections are given in the steel manufacturers’ 
handbooks. 

The moment of inertia of any section about any axis may 
be found by dividing the section into a number of parts, deter- 
mining the moment of inertia of each part about the selected 
axis, and adding these values. In order to apply this method, 
it is usually necessary to find the moment of inertia of each part 
about an axis that does not pass through its center of gravity. 
This moment of inertia may be computed by the formula 


Iz=Io+As? 


in which J,=moment of inertia of any plane figure about any 
given axis; 
ZIo=moment of inertia of figure about a parallel axis 
through its center of gravity; 
A=area of figure, in square inches; 
4 = distance between the two axes, in inches. 


EXAMPLE 1.—Compute the moment of inertia of the L 
section in Fig. 7 about the line LG through its center of gravity, 
which is 2.18 in. from OE. 

SoLution.—For the purpose of illustrating the general 
method, the section is considered to be composed of the rec- 


tangles ABHO and CDEH. The moment of inertia of ABHO 
F " bds 
about an axis JG: through its center of gravity is J Caer 


-75X 63 


=13.5, the area is d=6X.75=4.5 sq. in., the dis- 


fe 


22 
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MOMENTS OF INERTIA, ETC. 


Name-of Section. § z 72 
c 
Solid _ ads nd3 a2 
elircuiar "64, “32 16 
SH 
Hollow on n(dt—dt) | r(dt—dyt) | a2 +a,3 
erculat a NI Gl 32d 16 
WY 
Solid square ha a Ge kak 
WW 12 6 12 
Hello mm dt— dt dt— dt @+ dt 
KK 12 6d 12 
Solid i bas bd? b2 
PRON we sone coe, 
rectangular \\ 12 6 12 
MW 
ee ular } kK : cia oa Geeta ISI eat gs 
NaN ; 
s RA 12 6d 12(bd — bh) 
Solid bd} bd? ad 
triangular 36 OL 18 
Solid TX nbd? nbd? be 
elliptical IW 64 32 16 
Hollow TONE |e r(bd3 —bidy3)| Bd — B,3dy 
a HON RSI Moe 3 je Ia 
elliptical he. Figg ih’) | — sg 16(bd — bid) 
T-beam ba — bid? | bdF—bi dy? | 3d — D,3dy 
Cross. with 12 6d 12(bd — byhh) 
equal arms 
(approxi- | a2 
mate) 22.5 
\ngle with | 
equal arms \ a 
{approxi- % f aS 
nate) eS 
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tance from LG to JGi is y=3—2.18=.92 in., and the moment of 
inertia about the axis LG is 


Iz=Io+Ay?=13.5+4.5 X .922=17.31 

2.75 X «758 
omer 
X.75=2.06 sq. in., y=2.18—.38=1.80 in., and Iz=.097 
+2.06X1.82=6.77. Hence, the required moment of inertia 
is 17.31+6.77 =24.08. 

EXAMPLE 2.—Find the moment of inertia of the section 
shown in Fig. 8 about the neutral axis parallel to the cover-plate. 

SoLuTIon.—The neutral axis passes through the center of 
gravity, which has been found to be 9.63 in. from the back of 
the bottom angles. The distances of the centers of gravity of 
the subdivisions of this section from the neutral axis are: 


For the rectangle CDEH, Io =.097, A=2.75 


For the cover-plate 15.25—9.63.............. = 5.62 
For the web-plates 9.63—7.50..............5- =2.13 
For the 33X34” X 4” L’s, 15.00—1.06—9.63. . =4.31 
For. the 4/44 4" L's, 9.63 —V.18.. 5... ses ces = 8.45 


The moments of inertia of the respective parts about their 
own neutral axes parallel to XX are: 


24X (4) 

For the cover-plate..,.......-. a 25 
2X4 158 

For the web-plates............ PB 25 


From a steel manufacturer’s handbook, the value of J for a 
84X34" X#” L is found to be 3.64; and for a 4X4" X34" L 
it is 5.56. From these values, the moment of inertia of the 
entire section is, J=.25+24*4X5.622+281.25+2x15X4X 
2.132+2 X3.64+2 3.25 4.312+2 XK 5.56 +2 X 3.75 X 8.482= 
1,403 

SECTION MODULUS 

The section modulus of any section can be found by dividing 
the moment of inertia of the section about an axis through its 
center of gravity by the distance from that axis to the extreme 
fibers of the section. Thus, 
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in which S=section modulus; 

I=moment of inertia about axis through center of 
gravity; 

c=distance, in inches, from axis to extreme fibers. 


RADIUS OF GYRATION 


The radius of gyration of a section may be found by divid- 
ing the moment of inertia of the section by its area, and taking 
the square root of the quotient, or by applying the following 


formula: 
Ni 
r=\/— 
A 


in which r=radius of gyration about an axis through the center 
of gravity of the section, in inches; 
I=moument of inertia of section about that axis; 
A =area of section, in square inches. 


BEAMS 


REACTIONS, SHEARS, AND BENDING MOMENTS 


Types of Beams.—A member that is subjected to loads 
acting at right angles to its axis, or inclined to the axis, and 
some distance from a support is called a beam. A simple 
beam is one that simply rests on two supports, one at each end. 
A cantilever beam has one end fixed and the other unsupported. 
An overhanging beam rests on two supports, but extends or 
overhangs beyond one or both supports. <A continuous beam 
is one that is supported at the ends and rests on one or more 
intermediate supports. A fixed beam is rigidly supported at 
both ends. 

In a simple or overhanging beam, the span.is usually taken 
as the distance between centers of supports. In fixed beams 
it is the clear distance between faces of supports. 

Reactions.—The forces exerted by the supports to hold 
a beam in equilibrium are called reactions. in the case of 
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simple, cantilever, or overhanging beams for which all the 
loads and the reactions are parallel, the reactions can be 
computed by applying the formulas 2F=0 and =M=0, as 
for any system of balanced parallel forces. For a cantilever 
beam, the reaction is obviously equal to the sum of the loads. 
For any simple or overhanging beam, either reaction can be 
found by taking the sum of the moments of all the loads about 


Q™ Q® GQ” LLL LLL LILLIA LILLIA 


aMMMaCaatwMMM"MZ7@|_ 004 


Fic. 1 Fig. 2 


the other support and dividing the result by the span. Thus, 
in Fig. 1, the sum of the moments of the loads about A is 


Wia+W2b+ We and 
R _ Wiat+W2b+Wae 


2 
Ll 
The reaction Ri can be found in a similar manner by taking 
moments about B. The sum of the reactions, or Ri+ R2, should 
equal the sum of the loads, or Wi+W2-+ Ws. 
For the conditions shown in Fig. 2, Ri is found by taking 
noments about Band Re by taking moments about A. Thus, 
- 10,000 120+8,000 x 90+15,000 x 40— 20,000 x 30 
- 150 
= 12,800 lb. 


ind 
10,000 x 30+8,000 X 60 +15,000 x 110 -++-20,000 x 180 


= 150 
=40,200 lb. 

For a continuous beam with spans of equal length / and a 
miform load w per foot of length, the reactions are found by 
aultiplying the total load wil on the span between two adjacent 
apports by the proper value in the accompanying table. 
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Shear.—At any section of a beam, the resultant of the vertical 
forces on one side and that on the other side are equal, but act 
in opposite directions. Therefore, there is a tendency to shear 
the fibers of the beam at the section. When the loads and 
reactions are perpendicular to the axis of a beam, the shear at 
any cross-section of the beam is equal to the algebraic sum of the 
external forces (reactions and loads) on either side of the section. 
The shear is said to be positive when the resultant of the 
external forces on the left of the section is upward, and negative 
when it is downward. It is customary to determine the sign 
by considering the forces to the left of the section, upward 
forces being called positive and downward forces negative, and 
giving the shear the same sign as the algebraic sum of the forces. 
The shear in a beam changes at each section at which a load is 
applied. 

For the beam in Fig. 2, the shear between Piand P2 is 12,800 
—10,000=2,800 lb., between P2 and P3 it is 2,800—8,000= 
— 5,200 lb., between P3 and Re, —5,200—15,000 = — 20,200 lb.. 
and between Re and Ps,—20,200+-40,200 = 20,000 lb. 

For any beam and any condition of loading, the greatest 
shear occurs at a support. For a cantilever beam, it is equal 
to the reaction and for a simple beam it is equal to the greater 
reaction. For an overhanging or continuous beam, it is often 
necessary to calculate the shear on each side of each support 
to determine the greatest value. Formulas for finding the maxi- 
mum shear for various conditions are given on pages 98 and 
99, the section of maximum shear in each case being at a. 

Shear Diagram.—In a shear diagram, a horizontal base line 
is first laid off to represent the length of the beam to a con- 
venient scale. Then, the distances from either end of the beam 
to selected sections are laid off along the base line and the 
values of the shears at the corresponding sections are laid off 
perpendicular to the base line, positive shears being measured 
above the base line and negative shears below it. The line 
through the ends of these ordinates, which represents the 
variation in shear, is called the shear line. 

The shear diagram for the beam in Fig. 8 (a) is shown in (6). 
The following principles should be kept int mi \d:in constructing 


such a diagram. 
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FORMULAS FOR MAXIMUM SHEAR AND BENDING © 
MOMENTS OF BEAMS 
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1. A concentrated load or reaction, although really distrib- 
uted over the beam for a short distance, is assumed to be 
applied at a point. 

2. Under a portion of a beam that is not loaded or supported, 
the shear line is horizontal. Therefore, when a beam carries 
only concentrated loads, the shear has to be computed only at 
the supports and at sections under the loads. 


Se es a 
| : as fo | 


Unde 6) 


8. The shear line is vertical under a concentrated load or 
reaction, and the height of the vertical step is equal to the con- 
centrated load or reaction. 

4. Under a uniform load, the shear line is straight but 
sloping downwards toward the right. Hence, when a beam or 
a part of a beam carries only a uniform load, the shear has to be 
calculated only at the ends of the load. If there are concen- 
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trated loads between the ends of a uniform load, the shear is 
computed also at those loads. 

Thus, in Fig. 3 (6), ac represents the reaction Ri; the shear 
line is horizontal from c to d, because the corresponding portion 
of the beam is unloaded; there is a vertical drop from d to e 
Tepresenting 500 lb.; the portion fg slopes at the rate of 1,000 
Ib. per foot and, after the vertical step gh under the 200-lb. 
load, the part hi is parallel to fe. The remainder ijklmnb of 
the shear line consists of alternate horizontal and vertical 
portions. 


| 
| 
i 
| 
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Bending Moment.—The algebraic sum of the moments ot 
the forces to one side of a section of a beam, about the center 
of gravity of that section, is called the bending moment at 
the section. In determining the sign of the bending moment 
the usual custom is to assume that when forces to the left 
of the section are considered, clockwise moments are positive 
and counter-clockwise <aoments are negative, and the bending 
moment has the same sign as the algebraic sum of the moments. 
At the load Pz in Fig. 2, the bending moment is 12,800 
110—~ 10,000 X 80 — 8,000 X 50 = 208,900 ft.-lb. 
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In a simple beam the bending moment is always positive, 
and in a cantilever it is always negative. 

A bending moment diagram may be drawn in the same 
manner as a shear diagram. The moment diagram for the 
beam in Fig. 4 (a) isshownin (6). The bending moment at W1 
is RiX10=110,000 ft.-lb. and the distance cc1 is laid off above 
the base line ab to represent that value. Similarly, ddi repre- 
sents the bending moment at W2. Under a portion of a beam 
that is not loaded or supported, the moment line is straight. 
Hence, when a beam carries only concentrated loads, the bend- 
ing’*moment has to be computed only at the sections under 
those loads and at the supports. Moment lines never contain 
vertical steps, but there are breaks under the concentrated 
loads and reactions. 

For a simple beam carrying a uniform load, the moment line 
is a parabola. 

Maximum Bending Moment.—In a cantilever beam the 
maximum bending moment is at the reaction. In any other 
case, the bending mo- 
ment is greatest ata 
section where the shear 
changes sign. For the 
beam in Fig. 3, the Load -a-| 
Sesion bending 
moment occurs between eae ans 
band q where the shear 
line crosses the base R, Re 
jine ab. For the loads inte5 
in Fig. 4, the shear 
changes sign under the 6,000-lb. load and the maximum mo- 
ment occurs at that load, as shown in the moment diagram. 

ExampLe.—Calculate the maximum bending moment for 
the beam in Fig. 5. 

SoL_uTION.—First the reactions are computed. 


10,000 X6-+6,000X 13 +4,000 X 16-+(500X 25) X 12.5 
= 25 
=14,330 Ib. 
and R1=18,170 lb. 
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Just to the left of the load d, the shear is 18,170—10,000 
— 500 X 13=1,670 lb., and just to the right of the load it is 
negative. Hence, the bending moment is a maximum under 
that load. It is equal to 18,170*13—10,0007— (500X183) 
6.5 = 124,000 ft.-lb. 

The formulas for the maximum bending moments for various 
conditions are-given in the table on pages 98 and 99, the 
section of maximum moment in each case being at b. 

In a continuous beam with simply supported ends, the bend- 
ing moment at any section’ is equal to the algebraic sum of the 
moments of the loads and reactions on either side of the section. 
If such a beam has equal spans and carries a uniform load, the 
maximum bending moments in it occur at the intermediate 
supports; these bending moments, which are negative, can be 
found for each support by multiplying the proper value in the 
following table by the product of the total load on one span and 
the length of the span, or by wl?._ In each span, the maximum 
positive bending moment occurs near the middle of the span; 
however, it is less than the maximum negative bending moments 
in the same span. 

DESIGN OF BEAMS 


Neutral Axis.—At a section of a beam where the bending 
moment is positive, compressive stresses are produced in the 
upper part of the beam and tensile stresses in the lower part; 
where the bending moment is negative, the upper part is in 
tension and the lower part in compression. In every section 
there is a line, called the neutral axis, in which there is neither 
tension nor compression. The neutral axis passes through the 
center of gravity of the section. 

Flexure Formula.—The tensile and compressive unit stresses 
in a beam are proportional to their distances from the neutral 
axis. The resisting moment of a section is equal to the product 
of the unit stress in the extreme fibers and the section modulus 
of the section. Since the bending moment and the resisting 


moment are equal, 


or = 
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ia which M =bending moment, in inch-pounds; 
f= unit stress in extreme fibers, in pounds per square 
inch; 
S=section modulus; 
I=moment of inertia about neutral axis; 
c=distance from neutral axis to extreme fibers, in 
inches, 


Shearing Unit Stress in Beams.—The shearing unit stress 
at a cross-section of a beam is not uniformly distributed. It is 
zero at the extreme fibers and a maximum at the neutral axis. 
For an I beam or channel, it is customary to determine the 
maximum shearing unit stress by the formula 

V 
ASS 
td 
in which y= maximum shearing unit stress, in pounds per square 
inch; 
V =total shear at section, in pounds; 
t=thickness of web of I beam or channel, in inches; 
d=depth of I beam or channel, in inches. 
For a rectangular section, 
1.5V 


bd 


in which 6=width of section and d=depth of section, both in 
inches. 

At any point in a beam there is a horizontal shearing unit 
stress equal to the vertical shearing unit stress. 

Safe Load on Beam.—The safe uniform load on a beam may 
be found by the following formula: 


v= 


in which W=safe load, in pounds; 
S=section modulus of beam; 
f=allowable unit stress, in pounds per square inch; 
7=span of beam, in feet. 


The actual size of a wooden beam differs from its nominal 
size, and the actual dimensions should be used in calculations. 
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The dimensions, areas, moments of inertia, and section moduli 
for timbers are given in the accompanying table. 
EXAMPLE.—What uniform load can be safely carried on a 
span of 16 ft. by a 6X10” beam for which the allowable unit 
stress is 1,000 lb. ner sq. in.? 
SoLuUTION.—The section modulus for a 6’X10” beam is 
82.7. Hence, the safe load on the beam is 


Deflection.—Lack of stiffness in beams causes vibrations, 
springy floors, excessive deflection or sagging, and cracks in 
the plaster of ceilings. The maximum deflection of a simple 
beam carrying a uniform load may be found by the formula 

5Wi8 
384 EkI 
in which D=deflection, in inches; 
W =uniform load, in pounds; 
l=span of beam, in inches; 
E=moduius of elasticity of material; 
I=morment of inertia of beam. 


The deflection of beams supporting plastered ceilings should 


1 
not exceed ~—- times the span. 
360 


ExampriEe.—What is the deflection of the beam in the pre- 
ceding example, if the modulus of elasticity of the wood is 
1,400,000? 

SoLuTION.—Since the moment of inertia of a 6’’X10’’ beam 
is 330 and the span in this case is 16X12=192 in., the deflec- 
sion is 

5Wi8 5X 3,450 X 1923 
384HI 384%1,400,000 x 330 


Method of Design.—The first step in designing a steel or 
timber beam is to compute the maximum bending moment and 
the maximum shear produced by the given loading. Then, the 
required section modulus is determined by dividing the maxi- 
mum bending moment by the allowable unit stress. The next 
step is to find the size of beam with the least cross-sectional area 


= .69 in. 
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PROPERTIES OF AMERICAN STANDARD 
TIMBER SIZES 


Nominal 
Size 
Inches 
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Area of 
Section 


5.89 
9.14 
12.19 
15.44 


18.69 . 


9.51 
14.76 
19.68 
24.93 
30.18 


13.14 
20.39 
27.18 
34.43 
41.68 


30.25 
41.25 
52.25 
63.25 
74.25 


56.25 
71.25 
86.25 
101.25 
116.25 


90.25 
109.25 
128.25 
147.25 
166.25 
185.25 


Moment 
of Inertia 


6.45 
24.10 
57.13 

116.1 
205.9 


10.4 
38.9 
92.3 
187.6 
332.7 


14.4 
53.8 
127.4 
259.0 
459.4 


76.3 
193.4 
330.0 
697.1 

Peet 


263.7 

535.9 

950.6 
1,538 
2,327 


679 
1,204 
1,948 
2,948 
4,243 
5,870 


Section 
Modulus 
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that provides this section modulus and to compute the maxi- 
mum shearing unit stress for this beam. If this value is less 
than the allowable shearing unit stress, the beam is satisfactory. 
Otherwise, a larger beam is tried. The beam that is finally 
selected is the lightest one that meets the requirements of bend- 
ing moment and shear and any other conditions that may be 
important in the particular case. For instance, the depth of 
the beam may be limited by the construction, or it may be 
specified that the deflection of the beam should not exceed a 
certain amount. 


ExampLe.—Design both a rolled-stee! I beam and a solid 
wooden beam 10 ft. long, each to carry a uniform load of 250 
Ib. per ft. in addition to-a central load of 2,000 1b., assuming for 
wood a working stress of 1,000 lb. per sq. in. and for steel 
20,000 lb. per sq. in. 


SoLuUTION.—The maximum bending moment occurs at the 
middle of the beam and is equal to the sum of the moments due 
to the uniform load and the central load. Expressed in inch- 
pounds, 

2,000X120 25010120 


= 97,500 in.-lb. 
4 8 
M 97,500 
For a steel beam, —=——-—=4.9. From a manufacturer's 
f 20,000 


handbook, a 5-in. I beam at 12.25 lb. has a section modulus 
of 5.4 and can therefore be used. 
For a wooden beam, —=———=97.5. An 8X10” 
f 1,000 a 
section, for which the section modulus is 112.8, is satisfactory. 


COLUMNS 


Slenderness Ratio.—The strength of a compression member 
depends on the greatest value of the slenderness ratio. In any 
direction, the slenderness ratio of the member is the ratio of its 
unsupported length to the radius of gyration. When a mem- 
ber has the same unsupported length in all directions, the least 
radius of gyration should be used. 
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A compression member whose unsupported length is less 
than 10 times its least width is called a short block and is 
assumed to be subjected only to direct compression. Longer 
compression members are called columns. A column that 
carries an axial, or central, load is designed in the same manner 
as. a short block, but the allowable unit stress, which is less 
than for a short block, is found by a special formula. 


Steel Columns.—For steel columns in buildings, the follow- 
ing formulas are commonly used: 


1 
When the slenderness ratio — is less than 120, 
Yr 


1\2 
f=17,000— 485(-) 
Yr 


When the slenderness ratio is greater than 120, 
ails 00S 000 
f= 


135, eee: y 


In designing a column section, the first step is to assume the 
probable value of f, and to determine the corresponding area by 
dividing the load by that unit stress. The next step is to 
proportion the section and to find the allowable unit stress for 
it by the specified column formula. If this unit stress is 
slightly greater than the actual unit stress obtained by divid- 
ing the load by the area, the section is satisfactory; but, if it 
is much greater, a section of smaller area should be tried. On 
the other hand, if the allowable unit stress is less than the 
actual unit stress, a section of larger area should be assumed 
and investigated. 


ExAmpPLe.—A column in a building is to have an unsup- 
ported length of 10 ft. and is to carry a central load of 260,000 
lb. What is the required size of a single rolled section that 
will sustain the load? 

SoL_urion.—For an assumed unit stress of 15,000 lb. per sq. 
in., the required cross-sectional area of the column is 

260,000 


= =17.39 sq. in, 
15,000 
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A 12-in.X58 lb. wide-flange section has an area of 17.06 sq. 
in. and will be tried. The least radius of gyration of that 
10X12 47s 


2.51 


section is 2.51 in. and the slenderness ratio is be 
flence, the safe unit stress is : 
f=17,000— as5(+) = 17,000 —.485 X 47.82= 15,890 lb. 
f per sq. in. 


This is slightly greater than the actual unit stress, which is 


P 260,000 : 
—=——— = 15,240 lb. per sq. in. 
A 17.06 


The assumed section is therefore satisfactory. 


Timber Columns.—The formula to be used for the safe 
stress f in a timber column depends on whether the ratio of 
the unsupported length / to the least width d is greater or less 
than a number K that is found by the following formula: 


E 
K=r\—— 
24f1 


_in which E=modulus of elasticity of material; 
fi=allowable compressive unit stress for short block 
of material. 


If the ratio of 1 to d is less than K, the formula for the allow- 


able unit stress f is 
mreesy 
Se WEES SS 


If the ratio of J to d is greater than K, the formula is 


In order to facilitate the application of the formula for the 
1 
silowable unit stress in a timber colurmn for which the ee is 


1N4 
less than K, values of the term [1-3(3) | for various 
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1 
values of K one are given in the table on page 110. Thus, 


1 
after the value of K has been obtained and the ratio — has been 


determined the corresponding value of the multiplier of fi inthe 


l 
formula for f may be taken from the table. The value of 3 for 


a solid timber column should not exceed 50. To find the 
allowable unit stress for a timber column with a circular cross- 
section, it is assumed that the section is a square one having 

the same area and d is taken as .886 times the diameter. } 


ExampLe.—Design a square timber column 16 feet long to 
carry an axial load of 85,000 pounds. The allowable unit 
stress fi is 1,200 Ib. sq. in. and K is 23.4. | 


SoLuTIoN.—If the allowable unit stress f for the column is | 
assumed to be 1,000 lb. per sq. in., the cross-sectional area of 
the trial section should be 


P 85,000 : 
=—= =85 sq. in. 
f 1,000 } 
A 10’’X10” section has an area of 90.25 sq. in. andl will be 
Lee NOK AZ 
d 9.5 


tried. For this section, -—= = 20.2, and the correspond- 
| 
| 


; RLY { 
ing value of [1-1G5) | is found to be .815. Hence, the | 


allowable unit stress is 


1 \4 
faal ~ i) |=1200x.815=978 lb. per sq. in. 


Also, the actual unit stress is | 
P 85,000 i 


A 90.25 
Since the allowable unit stress is not much greater than the } 
actual unit stress, the next smaller section need not be tried, 
and the 10X10” section may be adopted, Ans. 


=942 lb. per sq. in. 


Cast-Iron Columns.—A formula for the safe stress in cast : 
{ron columns is 


U 
f=9,000—40 - 
t 
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ROOF TRUSSES 


STRESSES IN MEMBERS 


The stresses in the members of a roof truss for any given 
condition of loading may be found by drawing a frame diagram 
and a stress diagram. A frame diagram is an outline of the 
truss, drawn accurately to scale; and a stress diagram is a 
diagram in which the stresses are represented by lines. A 
single frame diagram may be used for different conditions of 
loading, but it is usually necessary to draw at least two stress 
diagrams, one for dead loads and the other for wind loads, 
which are generally assumed to act normal to the roof surface. 
Tt is not necessary to draw a stress diagram for the snow load, 
as the snow-load stresses can be obtained from the dead-load 
stresses by simple proportion. 


1165 tb. 
y 
233016 


a 


Fic. 1 


6990 Ld. 


In order that the frame and stress diagrams may be con- 
-veniently compared, the following system of notation is 
generally employed: As shown in Fig. 1, a capital letter is 
placed in each of the spaces in the frame diagram that are 
‘ormed by the truss members and the lines of action of the 
toads and reactions; and each member or force is designated 
by the two letters in the spaces between which it lies. Thus, 
| the part of the left-hand rafter near the support of the truss 
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is calred member BI, the vertical member at the center is LM; 
and the lert-hand load of 2,330 lb. is BC. As shown in Fig. 2, 
a small letter is placed at each intersection of lines in the stress 
diagram; and the stress in each member is represented in the 
stress diagram by the line between the points having the small 
letters corresponding to the capital letters used in designating 
the respective member, Thus, the stress in BJ is represented 


by the'line bi, and the stress in JK by the line jk. It is to be. 
understood that, wherever capital letters are used, reference is} 
made to the frame diagram; and, where small letters are used, 
reference is made to.the stress diagram. | 

| 
ANALYSIS OF HOWE ROOF TRUSS 


Stress Diagrams for Vertical Loads.—Dead Load.—To} 
explain the principles in laying out stress diagrams for roof) 
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trusses and determining the amount and kind of stress in any 
member, stress diagrams will be drawn for a Howe truss and 
a Fink truss. In Fig. 1 is shown the frame diagram for a Howe 
truss with dead load only. Since the loads are equal and 
symmetrically placed, each reaction will be one-half the total 
load. Letter the frame diagram as shown, and proceed with 
the stress diagram in Fig. 2. The external forces, which 
include loads and reactions, having been determined (this 
_ should be done in every case), draw the load line ah vertically, 
as that is the direction in which the forces act. With any 
convenient scale, make ab, bc, cd, etc. equal, respectively, to 
the forces AB, BC, CD, etc. The reactions HZ and ZA 
being equal, z is located midway between kh and a. Then the 
polygon of external forces, as it is called, is from a to b, b tog 
¢ to d, dto e, and so on to hk, and then back from h to z and from 
2 to a, the starting point. It will be observed from this that, 
though a straight line has been drawn, in reality a many-sided 
polygon has been traced, each external force constituting a 
side. The internal forces, or the stresses in the truss members, 
may now be determined, as follows: Beginning at the left- 
hand joint in the frame diagram, the forces are BI, IZ, ZA, 
and AB. Care must be taken, in reading these forces in the 
stress diagram, to go around each joint in the same direction 
in which forces are designated in the frame diagram, namely, in 
the direction of the movement of the hands of a watch, as 
shown by the curved arrow around the joint in question 
in Fig. 1. From 6 draw bi parallel to BI, and from zg draw 
zt paralle! to IZ; their intersection is at 7, and the polygon 
of forces around the joint is from a to b, b toi, 7 to z, and z toa, 
the starting point. After having designated all the forces at 
a joint in the stress diagram, always read around the polygon 
of forces in the manner just explained, and see that it closes, 
that is, that the last line joins the first, forming a closed figure. 
Also, note the direction in which the forces travel along each 
line in the stress diagram, and mark the same by arrowheads 
upon the members in the frame diagram. Arrowheads acting 
away from a joint, as in IZ, denote tension; those acting 
toward one, as in BJ, denote compression. Tensile stresses 
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are usually indicated by a plus sign, and compressive stresses 
by a minus sign. 

The next joint is BCJI, and the lines determining the 
stresses are obtained by drawing, from c, cj parallel to CJ, 
and, from 7, jz parallel to JI; their intersection is at j, and the 
polygon of forces around this joint is from ¢ to j, j to i, 1 to b, 
and 6 to c, the starting point. In similar manner the stresses 
around any joint may be obtained. 

When the apex joint is reached, the diagram begins to 
repeat; thus, em is the same as dl. The stress diagram is, 
therefore, symmetrical about a central axis and each half 
serves as a check on the other half. 


= 
2. 
‘2 
cry 


2 Fre. 3 


Snow Load.—It is assumed that the snow load is distributed | 
the same as the dead load. At each panel point it is taken as 
2,400 lb. as against 2,330 lb. for the dead load. Therefore, each | 
panel snow load is 2,400+2,330=1.03 times the dead load, 
and as the distribution is the same, the stress in each member | 
caused by the snow is 1.03 times the stress caused by the dead | 
load. Therefore, in cases like this there is no necessity fo | 
draw a snow-load diagram as the snow-load stress in any 
member may be computed by multiplying the dead-load | 
stress by 1.03. | 
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Stress Diagram for Wind Load.—It is not necessary to 
draw a separate frame diagram for the wind loads, but this 
is done here for clarity. In Fig. 3 are shown the wind loads 
on the truss previously considered. Both ends of the truss 
are assumed to be fixed and the reactions are considered to act 
parallel to the wind pressures. If, however, the left end of the 
truss is fixed and the right end rests on rollers (as is sometimes 
the case with steel trusses to permit expansion), the right 
reaction, instead of being parallel to the direction of the wind, 
will be vertical. 


To determine reactions Ri and R2, let Ri be the center of 
moments; then the perpendicular distance between the line of 
action of Rz and the point R1 is 41.46 ft., obtained by extending 
the left-hand rafter to intersect the line of action of Re at y’. 
Regard Ay’ as a beam, and calculate reactions Ri and Re by 
the method given for beams. Taking moments about Ri, the 
reaction R2 is found to be 3,350 lb.; and Ri=10,000 Ib. (the 
total load) — 3,350 lb. = 6,650 lb. 

Proceed with the wind-stress diagram, Fig. 4, by drawing 
the load line ae parallel to the direction of the wind in the frame 
diagram. Lay off to any scale the forces ab, be, cd, etc. equal 


118 STRUCTURAL DESIGN 


to AB, BC, CD, etc., respectively. Then, from a lay off az, 
equal to reaction ZA, or Ri. If the loads have been laid off 
accurately, ez should be equal to Re. 

The first joint to analyze is AB7Z. Draw bi parallel to 
BI, and-from 2, 27 parallel to IZ; they intersect at 7. The 
polygon of forces is from a to b, b to i, 7 to 2, and z to the start- 
ing point a. Joint BCJI is analyzed similarly. 

To analyze joint IJKZ: ij being known, the next member 
is JK; from j draw jk, parallel to JK. As the next member 
is KZ, to which kz is parallel, the point k is located where jk 
intersects kz; this completes this joint, the polygon of forces 
being from 7 toj7,j tok, Rtoz,andztoz. The stresses at the 
other joints may be found in the same way. The members 
shown in dotted lines do not sustain wind stresses when the 
wind blows upon the left side of the truss. 

The final joint is DEM, at which there is only one unknown 
force—the stress in EM. A line drawn from e parallel to EM 
should pass through m, This is always a test of the accuracy 
of the work; and, if the last line does not close on the proper 
point, when drawn parallel to the member it represents, the 
stress diagram should be redrawn. 

The stresses, which are found by scaling the stress diagrams, 
are shown in the accompanying tabulation. As the truss is 


Dead- Snow- Wind- : 
Member Load Load Load) # | eeeeoes 
Stress Stress Stress Fees 
IZ +10,000 +10,300 +9,900 +25,300 
IB — 11,600 — 11,900 —8,500 — 27,800 
CJ — 9,300 — 9,600 — 6,700 — 22,300 
Ji — 2,300 — 2,400 —3,800 — 7,300 
Nise + 1,200 + 1,200 +1,900 + 3,700 
KZ + 8,000 + 8,200 +6,600 +19,500 
KL — 3,100 — 3,200 —5,100 — 9,800 
DL — 6,900 = 7,100 —4,800 — 16,400 
LM + 4,700 + 4,800 +3,900 +11,500 
ZP + 10,000 +10,300 +3,300 + 22,000 
EP — 11,600 — 11,900 — 5,800 — 26,400 
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symmetrical, only half of the members are included. The 
maximum stress in any member is either the sum of the dead- 
toad stress, the wind-load stress, and half of the snow-load 
stress; or the sum of the dead-load stress, the snow-load stress, 
and half of the wind-load stress. 


DEAD-LOAD STRESSES IN FINK TRUSS 


In Fig. 5 is shown a frame diagram for a Fink truss with 
vertical loads. If each intermediate panel load is assumed 
to be twice the end panel load, the stress diagram is as shown 
‘n Fig. 6. To construct this diagram, the load line aj is drawn 


and the point z is located midway between a and j, or midway 
between eandf. The joints ABKZ, BCLK, and KLMZ may 
be analyzed in the manner previously described, and the 
joints k, 1, and m are located. It is then found that there are 
three unknown forces at each of the joints CDONML and 
MNOQZ. Since it is not possible to complete the force polygon 
for a joint at which there are more than two unknown stresses, 
the value of one must be determined in some other way. In 
this case, the joint at which the load DE is applied is similar 
to the joint at the load BC; and the stress in member OP is 
evidently the same as that in KL. Also, the joints KLMQ 
and NOPO are similar, and the stress in member ON is equal 
to that in LM. Since the lines ml and no must be symmetrica) 
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with respect to the line mn, the point o may be located by 
drawing the line do parallel to DO and placing o on the imagi- 
nary prolongation of line kl. The point m can then be located 
by completing the polygon 
of forces for the joint 
CDONML; that is, by 
drawing a line from m 
parallel to MN and a line 
from o parallel to ON. 

The joint MNQZ now 
offers no difficulty, as the 
stress in MN is known 
The polygon of forces for 
the final joint OPQN may 
be completed merely by 
drawing the line from p 
parallel to PQ. If the diagram has been correctly drawn, 
this line will pass through point n and coincide with nq. 


> ere & oo 
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MASONRY CONSTRUCTION 
CONCRETE 


CEMENTS AND AGGREGATES 


Definition of Concrete.—Hydraulic-cemeny soncrete, com- 
monly called concrete, is prepared by mixing a mortar made 
of hydraulic cement, sand, and water with pieces of broken 
stone, gravel, slag, or cinders. When freshly mixed, concrete 
can be poured into molds or forms, and on hardening takes 
the shape of the mold. The material which is bound together 
by the cement paste in concrete is called the aggregate. The 
part of the aggregate which is less than }-in. in size is called 
the fine aggregate and usually includes only the sand; the 
remainder is called the coarse aggregate. 


Definition of Cement.—The principal hydraulic cement 
used in making concrete is portland cement, which may be 
defined as the product resulting from the process of grinding 
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an intimate mixture of calcareous (containing lime) and 
argillaceous (containing clay) materials, calcining (heating) 
the mixture until it starts to fuse, or melt, and grinding the 
resulting clinker to a fine powder. 

Portland cement is packed in cloth or paper sacks. A sack 
contains 94 lb. of cement, and its volume is usually taken as 
1 cu. ft. The unit known as a barrel is equivalent to four 
sacks. 

Aggregates.—The sand for mortar and concrete is usually 
obtained from natural deposits, and it should be hard, coarse, 
and clean or free from injurious amounts of clay, loam, and 
vegetable matter. The coarse aggregate usually consists of 
gravel or broken stone obtained by crushing rock in a rock 
crusher or by hand. Trap rocks, granite, hard limestones, and 
sandstones are satisfactory for crushed stone. Other coarse 
aggregates that are used in concrete are blast-furnace slag, 
cinders, and haydite, which is burned clay. 

The principal characteristics of aggregates that affect the 
strength and workability of concrete are soundness, cleanness, 
and grading. Since the function of aggregate in concrete is 
that of an inert filler added to the cement paste to reduce the 
cost of concrete, the type of aggregate has relatively small effect 
on the strength. Usually the aggregates are stronger than the 
concretes made from them. A coating of dirt or dust on the 
particles of aggregate will reduce the strength of concrete, as it 
prevents proper bond of the mortar with the particles. Well- 
graded aggregates are essential to the production of economical 
concrete of good quality. If poorly graded, even clean, sound 
aggregate will require excessive water for workability, producing 
low strength, or will require an excessive amount of cement for 
a given strength. 

Water.—The water used in mixing concrete should be clean, 
fresh, and free from dirt or vegetable matter. Water contain- 
ing even small quantities of acid may seriously injure the con- 
crete. The presence of oil will result in slow setting and 
decreased strength. 

Salt is sornetimes added to the water used in mixing concret~ 
for winter work, because salt lowers the freezing point of 
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water and thereby delays the freezing of concrete. Salt so 
used is objectionable, because it delays the hardening and 
decreases the strength, and causes the formation of chemical 
compounds that crystallize on the surface of the masonry as a 
whitish deposit called efflorescence. The use of an accelerator, 
such as calcium chloride, is sometimes advantageous. 


PROPORTIONING CONCRETE 


Requirements.—The fundamental requirements of propor- 
tioning concrete mixtures are: (1) Each particle of fine 
aggregate must be coated with a film of cement paste and 
each particle of coarse aggregate must be coated with mortar; 
(2) all the voids or spaces between the individual grains must 
be filled; and (3) the cement paste itself must be of the proper 
quality. Economy dictates that a given quantity of paste be 
used to bind together a maximum amount of aggregate. 


Arbitrary Proportions.—A method of proportioning concrete 
mixtures that was formerly in common use was to specify the 
number of cubic feet of sand and coarse aggregate to be mixed 
with each sack of cement. It was then customary to use half 
as much sand as coarse aggregate. For ordinary purposes the 
concrete mix consisted of one sack of cement, assumed to have 
a volume of 1 cu. ft.; 2 cu. ft. of sand, measured damp and 
loose as it came from the stock pile; and 4 cu. ft. of coarse 
aggregate, also measured damp and loose. This was called a 
1:2:4 (one, two, four) mix. Mixtures in the proportions 1:1:2, 
1:14:3, 1:23:5, and 1:3:6 were also used under certain con- 
ditions. Concrete mixtures designed on the basis of arbitrary 
proportions are defective for several important reasons. 


Water-Cement Ratio Law.—The amount of mixing water 
in the cement paste or binding medium governs the properties 
of concrete to such an extent that the fundamental law of 
proportioning mixtures may be expressed as follows: 


Law.—For plastic and workable mixes made from clean and 
sound aggregates under given conditions of manufacture, the 
strength of concrete is determined by the quantity of mixing water 
in proportion to the quantity of cement. 
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The water-cement ratio is generally expressed in terms of 
the number of gallons of water per sack of cement. The maxi- 
mum quantity of mixing water is fixed by the specified strength 
of the concrete, or by the class of work and degree of exposure. 

Design of Mix.—The design of a concrete mixture consists 
of first selecting the water-cement ratio that corresponds to 
the desired strength, and then finding the most suitable 
combination of aggregates which will give the desired work- 
ability. Ordinarily, the driest consistency and the coarsest 
grading that will be workable under the given conditions are 
desirable, care being taken to avoid mixes that cannot be 
easily handled, puddled, and finished. Where the concrete 
must be plastic enough to fill the forms and surround the 
reinforcing bars with but little tamping or compaction by 
other means, the volume of sand in the average mix will be 
about two-thirds of the volume of coarse aggregate. However, 
if the concrete is compacted in the forms through impulses 
that are imparted by internal vibrators, satisfactory work- 
ability is obtained with less water and a lower proportion of 
sand; the desired strength can be obtained more economically 
by using less cement and more coarse aggregate. 

After the job is started, tests may be made to determine the 
effect of job conditions by finding out the strength obtained 
from two or three water-cement ratios. The points corre- 
sponding to the observed strengths and the given water-cement 
ratios can then be plotted on a diagram, and a curve through 
these points will represent accurately the strength to be 
expected from any water-cement ratio used on that job. 

Slump Test for Workability—The water content not only 
affects the properties of the hardened concrete but also has an 
important influence on the consistency of the freshly made 
mixture. 

A simple measure of consistency that may be used in the 
field is the slump. The apparatus for determining the slump 
is a metal mold having the form of a truncated cone. Its 
height is 12 in., the top diameter is 4 in., and the bottom dia- 
meteris8in. The freshly mixed concrete is placed in the mold 
in three layers, each layer being rodded 25 times with a bullet. 
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pointed rod $ in. in diameter and 24 in. long. When filled, the 
mold is immediately withdrawn and the slump or settlement of 
the concrete measured from a straightedge held across the top 
of the mold. While useful within practical limits for indicating 
the consistency of concrete, the slump test should not be used 
to compare mixes of entirely different proportions or various 
kinds of aggregates. 

Desirable Proportions of Fine and Coarse Aggregates. 
Owing to the wide variety of grading of aggregates used in 
concrete, no fixed rule of proportioning can be applied to all 
cases. For each job, and for each set of aggregates available, 
there is an ideal combination which should be determined 
according to one of the methods of proportioning that have 
been proposed by various engineers. The simplest method is 
by direct trial of the materials in an actual mix. 

With a fixed water-cement ratio and a given coarse aggregate, 
less of a fine sand than of a coarse sand will be required to 
obtain a specified consistency. More of a given sand will be 
required (1) when the maximum size of coarse aggregate is 
reduced; (2) when the particles of coarse aggregate are nearly 
all of one size; or (3) when the coarse aggregate consists of 
rough or angular particles rather thaa smooth, rounded pebbles. 

Quantities of Materials for Concrete.—An approximate rule 
has been devised by W. B. Fuller whereby, after the propor- 
tions of aggregates have been fixed, the required quantity of 
cement per cubic yard of concrete may be obtained. This 
rule applies to proportions of aggregates measured damp and 
loose and may be expressed by the formula 


42 
C=——— 
1+s+g 


in which C=sacks of cement per cubic yard of concrete; 
s=number of cubic feet of damp loose sand per sack 
of cement; 
g=number of cubic feet of coarse aggregate per sack 
of cement. 


Then the quantities of aggregates can be found by the 
formulas 
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S=.037Cs 
G=.037Cg 


in which S=volume of damp loose sand, in cubic yards, per 
cubic yard ot concrete; 

G=volume of coarse aggregate, in cubic yards, per 
cubic yard of concrete. 


MANUFACTURE OF CONCRETE 


Mixing Concrete.—There are two methods of mixing con- 
crete; namely, machine mixing and hand mixing. Practically 
all concrete, even for small jobs, is mixed by machine. Con- 
crete made by either hand or machine should be mixed for a 
time sufficient to insure the uniform distribution of particles and 
paste throughout the mass, the elimination of dead spots, and 
the coating of each particle with paste. A good rule is to con- 
tinue mixing for one full minute after all materials are in the 
mixer before anything is withdrawn. 


Placing Concrete.—Concrete should be deposited as nearly 
as possible in its final position, as flowing in the forms tends 
toward separation of the water and fines from the rest of the 
mass. Entrained air should be permitted to escape by tamp- 
ing or puddling the wet concrete in the forms. Spading the 
concrete next to the forms will make surface finishing easier. 
If a layer of water is unavoidably formed, it should be drained 
off. When deposited in the forms, the concrete should have a 
temperature of not more than 120° F. nor less than 40°, a good 
average temperature being 60° to 70°. 


Curing.—It is desirable to prevent concrete from drying out 
too quickly. The process of keeping concrete damp and at a 
favorable temperature for a certain length of time to insure 
complete hardening is called curing the concrete. The most 
reliable method of curing concrete appears to be the applica- 
tion of water to exposed surfaces by sprinkling or ponding, or 
by covering the surface with damp sand, earth, straw, canvas, 
or other suitable material. This method has the advantage of 
giving excellent curing conditions at the surface, the most 
important place. 
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Exposed surfaces should be protected from drying out for 
at least 7 da., a longer period being advisable if practicable. 
Vertical surfaces may be protected by leaving forms on as 
long as possible, or by hangings of canvas or burlap kept 
sprinkled. 


Summary.—The important principles in the manufacture of 
concrete are: 

The mix should be workable and the water-cement ratio should 
be low. 

The proper water-cement ratio for any job depends on the 
expected conditions of exposure and requirements of 
strength, wear, bond, water-tightness, etc. 

Other conditions being constant, a lower water-cement ratio 
may be used with (1) a richer mix, (2) a drier consistency, 
or (3) a better graded aggregate in which there is a large 
proportion of coarse particles. 

Economy of concrete depends on (1) cost of materials, and 
(2) cost of placing. 

Economy of materials is obtained through leaner mixes. For 
a given water-cement ratio a leaner mix may be obtained 
with (1) a drier consistency or (2) a better graded aggregate 
containing sufficient coarse particles. 

Proportioning is a matter of trial to determine the most eco- 
nomical mixture that will be workable under the conditions 
for the particular job. 

Aggregate for concrete should be clean. sound, and durable. 

Uniform aggregate supply and uniform moisture conditions 
greatly simplify the production of uniform concrete. 

Water in aggregate must be considered in measuring water 
for the batch. 

Measurements by volume should take account of bulking of 
aggregate; measurements by weight or by inundation do 
not involve bulking. 

The consistency of concrete is governed by requirements of 
placing; in general, a medium or quaky consistency is 
most desirable. Drier consistencies are more economical. 

Mixing should-be continued as long as practicable, and never 
less than 1 minute 
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Means of transportation should insure against segregation 
of the coarse aggregate from the mortar. 

Concrete should be placed in forms as nearly as possible in its 
final position. 

Thorough tamping or spading aids surface finishing and removes 
air pockets. 

Finishing operations should not bring fine material to the 
surface, causing checking. 

Concrete should be protected from drying out for at least 7 
da.; the first few hours constitute a critical period fcr 
curing concrete surfaces. 

The temperature of fresh concrete should never be less than 
50° F. nor more than 140°. 

Accelerators may be of benefit, but antifreeze compounds are 
of doubtful value. 

Any method of extracting water from fresh concrete without 
disarranging the particles, will result in increased density 
and strength. 


STONE MASONRY 


MATERIALS 


Stone.—Masonry may consist of blocks of concrete or 
stone, bricks, or terra-cotta tiles bound together with mortar, 

Granite is the most valuable stone where strength is required. 
Its colors range from almost white to dark gray; and from light 
pink to deep red. It can be quarried in very large pieces and 
is susceptible of a high polish. Owing to its hardness, it is 
very costly to dress, and its use is limited to the most expensive 
kinds of buildings. It is very dense and compact, and absorbs 
but little water. Exposed to fire, it disintegrates at a tem- 
perature of from 900° to 1,000° F., being less durable in this 
respect than fine-grained compact sandstone. 

Limestone is a very common building stone. When com- 
pact, it is very durable. Its color is generally light gray; 
sometimes, deep blue; and, occasionally, cream or buff. It 
is usually quite absorptive and becomes dirty quickly. Under 
intense heat, it is converted into lime. Limestone must be 
well seasoned before use, to get rid of the quarry water. 
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Marble is crystallized limestone. It is comparatively scarce 
and expensive; hence, it is not often used in constructional 
work. But it is extensively used in building construction for 
decorative purposes. 

Sandstones, in general, are excellent building stones, and 
include some of the most durable and beautiful stones used in 
exterior construction. On account of the ease with which 
they can be worked and because of their wide distribution 
throughout the country, they are more extensively used than 
any other stones. They are capable of resisting great heat, 
and the better kinds absorb only small quantities of water. 
A stone containing much iron pyrites is apt to become dis- 
colored, due to the formation of rust; hence, the stone should 
be carefully examined to see that pyrites are not present. 
Sandstones are found in a great variety of colors, shades of 
gray, brown, pink, red, drab, and blue being common. 

Slate, although not strictly a building stone, is largely used 
for the roofs of buildings, templates, blackboards, steps, and 
sanitary purposes. Its valuable qualities are its strength, 
toughness, and non-absorptive character, as well as its tend- 
ency to split into sheets. 


Selecting Stones for Masonry.—The densest and strongest 
stones are generally the most durable. A fresh fracture, 
when examined under a magnifying glass, should be clear and 
bright, showing well-cemented particles. When a good stone 
is tapped with a hammer, it gives out a ringing sound. The 
absorptive quality of a stone may be tested by noting the: 
increase in weight after soaking in water for 24 hr. One that 
increases 5% or more should not be used. For ordinary build- 
ing purposes, tests of crushing strength are unnecessary, for 
if stone is of good quality the strength is generally very much 
in excess of any probable loads. 


Cement Mortar.—Cement mortar consists of cement, sand, 
and water. Portland cement should be used for all important 
structures, but natural cement may occasionally be employed 
where conditions permit. As for concrete, the sand should be 
hard, clean, of suitable size, and properly graded;-and the 
water should be clean and fresh. 
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MATERIALS REQUIRED PER CUBIC YARD 


OF MORTAR 
Portland 
Proportions of Mixture Cement ese Read 
Sets ubic Yards 
ICI SeeWocas to OC O tect ore 18.6 iT 
He ENON dan Necyalen, Sy ca nis tahoe ebouetake 12.2 1.0 
1 ae orice cee hn ie eater 9.1 1.1 
1 lea aia 2 Neen Rete ame eae 7.2 1.1 
Me Ty NSO nimi brsacto apeishe e GheNavel ot ovkins 6.1 1.2 
BE phir stan 08 a cance SLOT EE sete c poet 4.9 1.2 


Portland cement mortars are made in proportions varying 
from 1:1 to 1:6. For general purposes, the mortar should be 
ot a plastic consistency—firm enough to stand at a considerable 
angle, yet soft enough to work easily. In the preceding table 
are given average quantities of cement and sand required to 
produce 1 cubic yard of compacted mortar. 

It is frequently desired to use a material that is more plastic 
or smoother than pure cement mortar. This quality is usually 
obtained by adding to the mortar an amount of lime equal to 
10 to 25% of the weight of the cement. 

A good method of mixing cement mortar is as follows: After 
one-half the quantity of sand is spread over the bottom of the 

- mortar box, spread the cement evenly over the sand, and then 
put on the remainder of the sand. Thoroughly mix the dry 
materials either by hoe or by shovel; then add water to as 
much of the mass as is required for immediate use, and mix 
this portion until it has the uniform consistency of a stiff paste. 

The quantity of water required depends on the purpose for 
which the mortar is to be used. Owing to the rapidity of 
setting, only small lots of this mortar should be mixed at a 
time. 

Some stones are stained by ordinary portland cement mortar. 
Such stones should be laid in a mortar composed of non- 
staining, or stainless, portland cement and white sand. 

Lime Mortar.—Quicklime is made by burning limestones, 
that have the requisite properties, in kilns. When properly 


10 
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burned, quicklime should possess the following qualities: It | 
should be in hard lumps, free from cinders or clinkers, and 
should slake readily in water forming a smooth, impalpable 
paste, without residue. 

Before quicklime is used, it must be slaked by adding water 
to it. The lumps break up and a thick paste, called lime 
paste, is obtained. This paste is allowed to stand for a week 
or 10 days before it is used. Slaked lime may be kept indefi- | 
nitely if it is protected from the elements by a covering of | 
sand. | 

Hydrated lime is quicklime that has been thoroughly slaked | 
by the aid of machinery. It may be used in place of common 
lime. It is in the form of a fme dry powder, to which water is 
added to make a paste. Hydrated lime is commonly sold in 
50-lb. bags or sacks. 

In mixing lime mortar, a bed of sand is first made in a mortar 
box, and the lime is distributed as evenly as possible over it. | 
The lime is slaked by pouring on water and covering with a) 
layer of sand or, preferably, a tarpaulin, to retain the vapor) 
given off. Sufficient water should be used at the start; if more |: 
is added later, it chills the hot lime and makes it lumpy. Too}, 
much water makes the paste thin, weak, and slow in drying.| 
Additional sand is then added, if necessary, until the mortar | 
contains the proper proportion, which is usually 3 of sand to 1) 
of lime. The bulk of the mortar will be about one-eighth 
greater than that of the dry sand alone. 


Useful Data on Cement Mortar.—The following is a summary 
of the important points concerning cement mortar: 

J. The strength of a mortar depends primarily on the per- 
centage of cement in the mixture, and on the volume of mixing | 
water per sack of cement. 

2. The most economical mortar for a specified strength i is 
obtained by using a well-graded sand and the driest mixture) 
that will be workable. 

8. The best sand is, in general, that which will produce el 
smallest volume of mortar when mixed with the cement in tick 
required, proportions. | 

4. Sharpness of sand grains is of slight importance. 
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5. Coarse sand produces stronger mortar than fine sand. 

6. Fine sand requires more water than coarse sand to 
produce a mortar of like consistency, and consequently its 
mortar is less dense. 

7. Mixtures of fine and coarse sand, or of sand and screen- 
ings, often produce better mortar than either material alone. 

8. Impurities in sand, such as vegetable loam, even in 
minute quantities, may injure the strength of the mortar. 

9. The average weight of portland-cement mortar in pro- 
portions 1:23 is 135 Ib. per cubic foot. 


Masonry Cements.—There are prepared cements, known as 
masonry cements, that are used in making mortar for laying 
stone, brick, terra-cotta, tile, and concrete-block masonry. 
Some of these cements are sold under the trade names of 
Brixment, Carney’s Cement, Hy-Test, Kosmortar, Medusa 
Stoneset, and Medusa Brikset. 

Masonry cements are formed of natural rock that contains 
suitable combinations of clay and lime. Most of these cements 
contain also a waterproofing ingredient such as calcium stearate. 
These materials are mixed in varying proportions by different 
manufacturers. They are sold in cloth or paper sacks, each 
sack containing 1 cu. ft. of the material. The contents of a 
sack are mixed with 3 cu. ft. of sand and with sufficient water 
to form a workable mortar. 

Mortars made from masonry cements are plastic and work 
well under the trowel; also, they adhere firmly to the surfaces 
to which they are applied. The cements are mixed uniformly 
at the factory and, when the proper amounts of sand and 
water are added according to the directions of the manufacturer, 
a mortar of uniform quality should be obtained. The addition 
of the waterproofing ingredient tends to keep the wall dry 
and to prevent the absorption of water by the mortar after it 
is dry. This quality assists in preventing the appearance of 
efflorescence on the face of the wall. 

The time required for the mortar to set is regulated by the 
original mixture. Some of the mortars may be retempered 
without loss of strength, whereas others must be used soon 
after being mixed with water. 
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The quantities of mortar, cement, and sand required for a 
brick wall will vary according to the thickness of the joints 
and the thickness of the wall, as well as the completeness 
with which the joints are filled with mortar. 


CLASSES OF STONE MASONRY 


Rubble Masonry.—Rubble masonry is used for rough 
work, such as foundations, backing, etc. Although it fre- 
quently consists of common field stone, quarried stone should 
be used where possible, as better bonding and bedding can be 
secured. 

In Fig. 1 (a) is shown a common- or random-coursed rubble 
wall, in which the stones are bonded every 3 or 4 ft., as at a. 
The angles are laid with large well-shaped stones, the long 
sides alternating; in the body of the wall, the stones are set 
irregularly, the interstices in the heart of the wall being filled 
with spalls and mortar. 

In (6) is shown cobweb rubble. The quoins, or corner stones, 
are hammer-dressed on top and bottom, but may be rock- 
faced. All the joints should be hammer-dressed and no spalls 
should show on the face, while the joints should not be thicker 
than 4in. Cobweb rubble costs more than common rubble. 

In (c) is shown a rubble wall with brick quoins; in this 
work all the horizontal joints have hammer-dressed level beds. 
Such a wall can be built cheaply when the stone used splits 
readily. 

In (d) is shown regular-coursed rubble; in this work con- 
tinuous horizontal joints are run at intervals of 15 to 18 in. 
in the height, as at abe and def. No attention need be paid 
to uniformity of height in the different courses, but the beds 
should be made as nearly parallel as possible. 

Rubble masonry varies in strength with the shape and char- 
acter of the stone. If the stone has a marked stratification 
and splits up into flat layers, a very strong wall can be built 
with it. Rubble walls require a large amount of mortar, but 
mortar may be saved if spalls or chips of stones are bedded in 
the mortar between the larger stones. The stones should be 
ot such a size that they can be handled by two men. 
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A through stone, or bond stone, should be built in the wall 
for every 6 square feet of wall surface; or stones, two-thirds 
the thickness of the wall, may extend from the opposite faces 


Fic. 1 


of the wall and overlap each other once in every 4 square feet 
of wall surface. 

Ashlar.— When the outside facing of a wall is of cut stone 
with the joints carefully cut and squared, it is called ashlar 
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regardless of the manner in which the face of the stone is 
finished. 

Regular-coursed ashlar, shown in Fig. 1 (e), has pieces uni- 
form in height and the courses continuous. Stones about 12 
in. high and from 18 to 24 in. long are the cheapest, both as to 
first cost and in expense of handling. The illustration shows 
the stone bush-hammered with tooled draft lines. A good 
effect is produced by making the courses of two different 
heights, as shown in (f), the courses a being from 10 to 18 in. 
high and composed of facers, while the courses b are from 5 to 
74 in. high and constitute bonding courses. The latter should 
be at least 4 in. wider than the thickest stones used in the 
facing courses. 

Broken ashlar consists of blocks truly squared but of different 
sizes, forming a broken range or course. As this masonry is 
in itself irregular, it is well adapted to buildings of irregular 
plan or of irregular sky line. Broken ashlar is finished in 
various ways. The simplest, though not the least effective, 
finish is the plain rock face, shown in (g). The block must 


Fic. 2 


first be cut true and square all around, forming beds and 
vertical joints, after which straight lines are drawn around 
the edges, about 2 in. from the face of the block. A wide 
pitching chisel is then used along these lines, knocking off the 
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surplus material. The smallest stone used should not be less 
than 4 in. in height, nor the largest greater than 16 in. The 
bond, or the lap of one stone over another, should be at least 
6 in. for the smaller stones and 8 in. for the larger. The length 
of any block should not be less than 14, nor more than 4, times 
its height. The hardest kinds of rock are best suited for 
masonry of this sort, which is, perhaps, the most common 
kind of ashlar used in modern building. 


Fie. 3 Fic. 4 


Ashlar should be carefully bonded, either by using courses 
of different thicknesses, or, if the ashlar is only 2 to 4 in. thick, 
by means of anchors, such as shown in Fig. 2 (a) and (d). 
When the courses are 4 in. to 8 in. thick, a good bond to the 
backing may be had by using these thicknesses in alternate 
courses, as in (0) and (c). 

The stones in ashlar with brick backing should be designed 
to be a certain number of brick courses in height so that it 
will bond well, asin (b). Ashlar should be set in a mortar made 
with a non-staining cement or a white portland cement. The 
backs of the stones are frequently coated with a non-staining 
portland cement mortar. 

All projecting courses, such as cornices, lintels, sills, etc., 
should be beveled on top, and have a drip, such asshownat a, 
Fig. 3, cut on the under side to prevent water from entering 
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the joints. Lug sills should be beveled only between the jamb 
lines, the ends being cut level, as at b, thus keeping out water 
from the joint between brick and stone, and also forming a 
more secure bearing for the wall. 

The tops of. exposed walls should be covered by coping. 
Gable copings should be anchored very firmly, either by iron 
dowels or ties, or by bond stones, the latter method being 
shown in Fig, 4. 

When the wall is finished, the mason starts at the top of the 
building and points all the joints, and cleans the stonework. 
During the progress of the work all projecting members such 
as cornices, belt-courses, and sills should be protected, by 


boarding, from injury that might be caused by falling pieces of — 


building material. 


STONE FINISHES 


Some or the hand tools used in making the finer finishes for 
stonework are shown in Fig. 5. The crandall (a) consists of 
a wrought-iron bar, flattened at one end, with a slot, $ in. 
wide and 3 in. long, in which ten double-headed points, made 
of } in. square steel about 9 in. long, are fastened by means 
of a key. It is used to finish the surface of sandstone after 
it has been worked with the tooth-axe or chisel. 

The patent hammer (b), made of several thin blades of steel, 
ground to an edge and held together with bolts, is used for 
finishing granite or hard limestone. 

The bush hammer (c), from 4 to 8 in. long and 2 to 4 in. 
square, has its ends cut in pyramidal points. This hammer is 
used for finishing limestone and sandstone after the surface 
has been made nearly even. 

In practice, hand tools are used only on small pieces of work. 
In most cases, similar tools that are operated by compressed 
air can do the work more rapidly and more cheaply. 

In (d) is shown the appearance of rock-faced or pitch-faced 
work, The face of the stone is left rough, just as it comes from 
the quarry, and the edges are pitched off to a line. Rock~ 
faced finish is cheaper than any other kind, as but little work 
is required, 
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In (e) are shown two kinds of crandalled work; that on the 
left shows the appearance when the lines run all one way, 
while that on the right shows the lines crossing. 

In (f) is shown broachea work, in which continuous grooves 
are formed over the surface. 

In (g) is shown bush-hammered work, which leaves the 
surface full of points. This finish is very attractive on blue- 
stone, limestone, and sandstones, but should not be used on 
very soft stones. 

In (hk) is shown pointed work; the left half of the stone is 
rough-pointed, while the right half is fine-pointed. In the 
rough-pointed work, the point is used at intervals of 1 in, over 
the stone, while, in the fine-pointed, the point is used at every 
4-in. of the surface. 
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In (i) is shown the patent-hammered finish, generally used 
on granite, bluestone, and limestone. The stone is first 
dressed to a fairly smooth surface with the point, and then 
finished with the patent hammer. The fineness of the work 
is determined by the number of blades in the hammer. For 
U.S. government work, 10 cuts per in. are generally specified, 
but 8 cuts per in. is good work. 

In (j) is illustrated tooled work. For this finish, a chisel 
from 3 to 44 in. wide is used, and the lines are continued 
across the width of the stone to the draft lines. 
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In (Rk) is shown vermiculated work, so called from the worm- 
eaten appearance. Stones so cut are used in quoins and base 
courses. This dressing is very effective, but expensive. 

In (2) is shown droved work, similar to tooled work, except 
that the lines are broken, owing to the smaller size of the chisel 
used. It is less expensive than tooled work. 

When a smooth finish is desired, the surface of the stone is 
rubbed. This is best done before the stone becomes seasoned. 

The term rusticated work is generally used to designate 
sunken or beveled joints. Two examples of this finish are 
shown in Fig. 6 (a) and (6). View (a) shows the stones with 
recesses having sharp edges, and (b) with recesses having 
rounded edges. The joints should always be formed at the 
top of the rustication so that they may be protected from rain 
water, which would tend to work its way into the joints if they 
were at the bottom of the rustication. 


ASHLAR FRONT 


In the accompanying figure is shown part of an elevation 
of a building finished with ashlar. The ashlar is treated with 
tusticated joints throughout. In the basement walls, the 
stones are finished with a curved rustication a, which gives a 
massive effect suitable for this part of the building. The 
Tustication shown in the upper part of the facade has square 
edges, which is lighter in effect than that shown on the base- 
ment. The basement wall is finished by a water-table }, 
which is heavily molded. At ¢ is shown a belt-course, or 
string-course, which indicates approximately the level of the 
floor. This string-course is ornamented with a carved orna- 
ment, called a wave ornament, and is kept with a slight pro- 
jection so that it will not extend beyond the quoin d. The 
quoins, or corner stones, are shown with wedge-shaped orna- 
ments in the first story and in the second story with raised 
rectangular surfaces. In practice, the quoins are treated the 
same throughout the design. 

The sill of the basement window is a regular stone sill with a 
wash, orslope, on the upper surface and with lugs on the ends. 
A slip sill or sill that is fitted in between the jambs or sides of 
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the opening, is shown for the first-story window. The base- 
ment window has a straight stone lintel above it; this is shown 
backed up with brickwork that is supported on steel beams. 

Over the first-story window is a flat arch of stone. In order 
that the soffit, or under surface of the arch, may not appear 
to be depressed or sag in the middle, it is generally cambered, 
or built with a slight curve that is higher in the middle. The 
keystone e is ornamented the same as the quoin d. 

The second-story window has a semicircular arch over it, 
and the rustications are brought down to the window opening. 
A molded stone trim or architrave is set in this opening, giving 
the window a rich effect. The horizontal line through the 
center of the arch is kept above the nearest horizontal joint f. 
which makes the arch appear slightly stilted and consequently 
more effective. The keystone k is emphasized by a bracket or 
console. 

The entablature, consisting of an architrave /, frieze m, and 
cornice n, is about one-fifth of the distance between the top of 
the water-table and the bottom of the architrave. The cornice 
is of the Corinthian type and contains dentils g and modillions 
h. The cornice should be covered with a flashing of lead or 
copper, which will protect the upper surface from the effects 
of water and prevent the washing out of the joints. This 
flashing is let into a reglet, or groove, j as near the front edge 
of the cornice as possible. 

The balustrade above the cornice is shown with a high base 
p; otherwise, it would be cut off from view by the projecting 
cornice. The base of the balustrade should be flashed by 
letting the flashing into grooves cut into the stone. The 
balusters g are turned and separated into groups by blocks 
i. The top rail o and the bottom rail should be cut with 
washes, and the balusters should be doweled into both rails 
with metal dowels. 

The stones are anchored to the backing as shown, and the. 
upper stones of the cornice should be anchored down to the 
wall by bolts, which extend into the joints between the stones. 
Washers are fitted to both ends of these bolts. 
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NOTES ON STONEWORK 


Stone being the stronger material, a wall should have as 
much stone and as little mortar as possible. The thickness of 
joints in stonework is from 3 to 4 or 3 in., depending on the 
class of work; the usual thickness is about } in. for ordinary 
ashlar, and more in rough masonry. Bed joints should be full 
and square to the face, for if worked slack at the back—to 
make thin face joints—spalls are likely to break off at the front 
edges. Good bonding is essential for a strong wall, and the 
proper placing of headers should be carefully watched. Long 
pieces of stone should be well supported and bedded to prevent 
breaking; pieces longer than, say, four times the thickness 
should not be used. Stone, especially if stratified, should be 
laid on its natural or quarry bed, for, if set vertically, water 
easily penetrates between the layers, and, in freezing, splits 
off the outer ones. In laying stone, the mortar should be 
kept back about 1 in. from the face of the wall; otherwise, spalls 
may be broken off, owing to the outside mortar hardening 
more rapidly than that in the interior, settlement bringing the 
pressure on the hard layer. This precaution is very important 
in the case of lug sills, band courses, etc. The joints may be 
pointed, after the wall is built, with some non-staining mortar. 
When the temperature has reached the freezing point, it is 
unsafe to dress-cut unseasoned stone in the open air, as the 
quarry sap in the stone freezes, and the stone may be fractured 
during the process of cutting. 

If it is desirable to use grout, which usually is ordinary 
mortar thinned to the consistency of cream, stone or brick 
should not be wetted before being laid. They will then absorb 
water from the grout and also some of the cement, and the 
adhesion will thus be increased. 


BRICK MASONRY 


Kinds of Brick,—Bricks are made in many varieties, such 
as common brick, face brick, firebrick, paving brick, molded 
brick, hollow brick, glazed brick, enameled brick, etc. 
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Common bricks should be thoroughly burned, hard, straight, 
true, and uniform in size. If two bricks are struck together, 
they should give out a ringing sound; if the sound is dull, the 
bricks are of an inferior quality. The color should be red, 
and bricks that are too light, or salmon-colored, are apt to 
prove too soft for use. A brick should not absorb more than 
10% of its weight of water. The standard size of common 
bricks may be given as 23’*32X8”, but the size varies in 
different localities. 

Face bricks are made in a variety of colors, textures, sizes, 
and shapes. The term face brick generally refers to bricks that 
have been pressed into a mold by machinery before burning; 
are carefully shaped with square corners, smooth surfaces, and 
sharp edges; and are of uniform size. Some face bricks have 


-_rough surfaces. Face bricks are generally burned hard and 


absorb very little water. 

Firebricks are used where great heat is to be resisted, as in 
fireplaces, furnaces, flues, etc. They should be porous, so as 
to be poor conductors of heat. The size is about 9’’*42”’ 
24” and the weight about 7 lb. per brick. They are of a 
light cream color and are laid up with a mortar made of fireclay 
like that of which they are made. 

Paving bricks are made by burning a mixture of shale and 
fireclay to vitrification. They should have a crushing strength 
of about 8,000 lb. per sq. in. and should absorb very little water. 


-They are used for paving driveways and roads. 


Molded bricks are pressed bricks made in special ornamental 
forms, and are used in building up cornices, belt-courses, 
arches, etc. 

Enameled bricks and glazed bricks are used for the interiors 
of kitchens, bath-rooms, and swimming pools, and wherever a 
hard sanitary surface is desired. The usual size is 21’ 3}'X 
Si: 

Bond.—Brickwork lends itself to some very interesting and 
artistic effects, which are produced by various methods of 
bonding, or arranging the brick in the face of the wall, and 
also by varying the size and colors of the mortar joints and 
using bricks of different colors and textures. The following 
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are some of the common terms used in connection with bond- 
ing: A course is one horizontal row of brick laid in mortar. 
A stretcher is a brick showing its long side in the face of the wali. | 
A header is a brick showing the end in the face sof \the wall. 
A bat is a portion of a brick and is used sometimes as a header. 
In Fig. 1 are shown the three principal bonds in brickwork. 
In (a) is shown English bond, consisting of alternate courses 
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of stretchers and headers. The longitudinal bond may be| 
obtained by means of one-quarter bats, as shown, though| 
preferably by three-quarter bats. In (6) is shown Flemish) 
bond, consisting of alternate headers and stretchers in the same 
course. The lap.is obtained by use of three-quarter bats, with) 
quarter, half, and three-quarter interior closers.. In (c) is| 
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shown the ordinary bond known sometimes as garden, running, 
or American bond. It consists of five or six courses of stretchers 
to each course of headers. 

From (a) to (g) in Fig. 2 are shown methods of bonding face 
brick to the backing in both solid and hollow walls. In (h) is 
shown split furring tile, which is set in mortar against the 
brick walls and anchored to the walls by large nails. In (4), 
the brick wall is lined with hollow brick, which are bonded 
into the wall and take the place of furring and lathing. In 
(7), (Rk), and (2) are shown methods of joining old and new 
walls; (7) shows a vertical groove cut in the old wall to form a 
sliding joint with the new wall; (k), a 2’’X4"’ piece spiked to 
the old wall for the same purpose; and (J), a steel-tie bond 
fastened to the walls with nails (also adapted for bonding face 
brick). 

A great variety of effects can be obtained by the judicious 
use of the various bonds in laying face brick. Three arrange- 
ments are shown in Fig. 3. 

Joints.—The treatment of the joints can be made a very 
effective feature in face-brick work. The joints may be raked 
out, as shown in the central arrangement in Fig. 3, and are 
often made as wide as 1 in.; they may be made of mortar con- 
taining gravel or grit, and made wide and cut off flush with 
the face of the wall, as in the top arrangement; or they may 
be made fine and finished with great care as in the bottom 
arrangement. 

Laying Brick.—Where the wall is built entirely of common 
brick, the joints are from } in. to 3 in. thick. When the wali 
is faced with face brick, stone, or terra cotta, the brick wall is 
referred to as the backing. The distance apart of the hori- 
zontal joints of facing material must be designed so as to 
coincide with the joints of the backing every few courses, to 
permit of a good bond. A face-stone or terra-cotta course is 
designed to be, say, five or six courses of common brick in 
height, so that the iron anchor that holds the stone or terra 
cotta to the backing can be extended back into the wall. When 
face brick is used and the distance from center to center of 
joint is different from that of the backing, the joints should be 
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made to coincide every five or six courses so as to permit of | 
good bonding. 

In laying up a wall, skilled workmen are put on the corners 
of the building and start the wall plumb and with the proper 
bond and thickness of joint. A line is then stretched between 
these corners for every course and the intermediate wall is laid 
up to the line. The face brick is sometimes carried up to the 
next bond course before the backing is laid. Sometimes one 
gang of masons will lay up the face work, while another gang | 
will build the backing at the same time. 

Bricks should be laid in a full bed of mortar and shoved into 
place so that the mortar will fill all the joints. The spaces in 
the middle of the wall should be entirely filled with mortar. 
When the weather is hot, the bricks should be thoroughly wet 
before they are laid in the wall so that they will not absorb the 
water from the mortar. In freezing weather, the materials 
may be warmed. 

The walls should be covered over with boards or tarpaulins 
when the workmen are through for the day to protect the work 
from rain and cold weather, and to prevent injury by frost. 


PORTLAND-CEMENT MORTAR MATERIALS REQUIRED 
TO LAY 1,000 BRICKS 


ae Mortar Cement Sand se a 
“Tiohies Cubic Feet Sacks Cubic Feet Cuniemcer 
3 8 2.67 8 .67 
4 10 3.33 10 83 
Ts 12 4.00 12 1.00 
- 15 5.00 15 1.25 
4 18 6.00 18 1.50 
8 22 7.33 22 1.83 
3 26 8.67 26 217 


Mortar.—For thick rough joints, the mortar should be mixed 
with grit or small pebbles and a small quantity of hydrated 
lime. If a white color is desired, white cement with white 
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sand or marble dust should be used in making the mortar. 
A gray color is obtained by using dark-colored portland cement 
and brown sand. Mortar may be colored by using mineral 
pigments, but care must be taken to follow an exact formula 
in mixing the ingredients, or the different batches of mortar 
may be differently colored, and the wall may look blotchy. 
When mortar dries out, it usually becomes lighter in color. 

In the accompanying table is given the amount of 1:3 port- 
land-cement mortar required to lay 1,000 bricks. It also 
includes the number of sacks of cement, cubic feet of sand, and 
cubic feet of hydrated lime mixed in the proportion of 10% of 
the weight of the cement. 

A similar table for 1:3 masonry-cement mortar in a 12-in. 
wall follows. , 


MASONRY-CEMENT MORTAR MATERIALS REQUIRED 
TO LAY 1,000 BRICKS 


naar Mortar Cement Sand 
Taishiee Cubic Feet Sacks Cubic Feet 
4 9.7 3.1 9.3 
2 12.9 4.1 12.3 
4 16.2 Sil 15:3 


ARCHITECTURAL TERRA COTTA 


Architectural terra cotta is a burned clay product that is 
used for trimming or covering exterior or interior walls or 
partitions of buildings; or for forming facings, cornices, columns, 
sills, lintels, string courses, etc. It is a decorative material 
principally, and adds little or nothing to the strength and 
stability of the building. 

Architectural terra cotta is made from selected clays, which, 
after preparation and tempering, are formed into the desired 
architectural forms by being pressed into molds. Usually the 
molds are made of plaster from full-size models. When, how- 
ever, only one piece is required, the clay may be modeied 
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directly to the required design by the hand of the sculptor, 
Also, special treatment can be given to the blocks after they 
come from the molds. The blocks are next carefully dried, 
placed in kilns, and burned at temperatures from 1,800° to 
2,300° F. for about 12 da. 

Usually architectural terra cotta is manufactured to meet 
the special architectural requirements of each building, with 
attention to design, color, texture, etc. Some manufacturers, 
however, carry in stock certain patterns of wall blocks, string 
courses, sills, lintels, panels, and the like, which may be shipped 
on short notice. These blocks are made to bond with standard 
brickwork, as a rule. 

The manufacturer furnishes estimates for furnishing, and 
sometimes setting, the terra cotta, based on the architect’s 
drawings and specifications. These drawings should include 
elevations, floor plans, and sections, as well as the sceel draw- 
ings and details, if available. If concealed behind porches, 
railings, and insides of entrances, the location and dimensions 
of the terra cotta surfaces should be clearly indicated. Special 
mention should be made of such terra cotta interior work as 
may not be readily discernible from the drawings. 

Architectural terra cotta may be obtained in a number of 
surface textures, as follows: smooth; tooled, or drove, 6 or 8 
lines to the inch; light irregular drag, or combing; heavy 
irregular drag, or combing; special, as rugged, oak bark, etc. 
The color may be standard, which is that of light Indiana 
limestone, or unglazed; or, by means of surface coatings, any 
desired color or colors may be obtained. The color is usually 
applied as a glaze. Thus, the surface may be standard, or 
unglazed; vitreous, which is impervious to moisture; mat- 
glazed or mat-enameled, which is glazed and has a du'l finish 
that is impervious; and full-glazed, or enameled, which is 
impervious and has a glossy finish. Polychrome terra cotta 
may be in two or more colors, unglazed or glazed. Blended 
colors are always glazed. The colors, textures, and finishes 
should be stated explicitly, and fully described in the specifi- 
cations. The colors, textures, and finishes appear on the 
exposed surfaces only. 
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Architectural terra cotta is made into box-like blocks, the 
thickness of the outside sheil varying from 1 to 2 in., depending 
on the size and shape of the block. The back may be open, 
exposing the webs, or the back may be closed. When used as 
slabs, the blocks may be solid, and about 2 in. thick. 

When built in the wall, architectural terra cotta weighs 
from 120 to 130 lb. per cu. ft. The price of the terra-cotta 
work depends on the variety of design and other conditions. 
Economy of manufacture, however, is greatly assisted by the 
tepetition of identical features in the same building, as a 
smaller number of molds will be required. 

As there is some variation in shrinkage in burning, it is 
customary to grind all the blocks to exact size, with allowance 
for a standard joint of 3 or 4 in. The terra-cotta manufac- 
turer will always supply a setting diagram, numbered to 
correspond with numbers marked on the blocks, and this 
diagram must be followed exactly in setting the material. 

The part of the terra-cotta block extending into the wall 
should be backed up with brick, or filled with concrete, so that 
the strength of the wall will be uniform throughout. When 
solid-back blocks are used, the blocks are set the same as cut 
stone. In cases where the terra cotta is supported on or by 
structural steel, the manufacturer will provide slots for the 
steel and will furnish such schedules or drawings as are required 
to show the method of support. All the blocks must be 
properly tied into the brickwork or supported by the steel 
work, as may be shown on the setting diagram. The blocks 
should extend into the wall at least 4 in., except when used as 
a veneer in the form of slabs. When the block extends out 
from the face of the wall, as in a cornice, the backing stops at 
the wall line. 

The time required to manufacture architectural terra cotta 
varies according to the character of the work; 8 wk. is ordi- 
narily considered the minimum time for the first shipment of 
plain work after receipt of the working drawings approved by 
the architect. Manufacturers of terra cotta claim for their 
material unlimited possibilities in the matter of form; a surface 
finish that is impervious; unlimited scope in color effects; 
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lightness of weight combined with great tensile strength; fire. 
resisting qualities that are testified by the kiln heat in burn- 
ing; and the durability that is characteristic of all well- 
burned clay products. 


HOLLOW TILE CONSTRUCTION 


Types of Hollow-Tile Units.—Hollow tile, or structural clay 
tile, considered as a manufactured material, consists of blocks, 
or units, formed of clay and burned. The blocks have shells 
and webs surrounding hollows or cells in the interior of the 
units. ‘bese units are used in the same manner as stone, 
brick, or other units. 

The units, or blocks, themselves, are known as hollow tile or 
structural clay tile, and are made in sizes that permit of the 
construction of walls 8 in., 12 in., etc., in thickness. The 
tiles are also used as backing for walls faced with brick or 
stone. Other hollow-tile units are used for the construction 
of partitions in buildings, and for furring outside walls. Special 
shapes are also made for sills, jambs, lintels, etc. 

Hollow tile is also used in the construction of floors and for 
the fireproofing of buildings having steel frames. 

Some of the usual shapes and sizes of hollow-tile units are 
shown in Fig. 1. In (a) are standard wall tiles; in (6) is a 
form known as Speedtile, in which a hand-hold is formed in 
the unit to facilitate handling of the tile; in (©) are partition 
tiles; in (d) are flat-arch tiles; in (e) are header and jamb tiles; 
and in (f) are split furring tiles. 

Hollow clay tiles are made in two principal grades, namely, 
load-bearing and non-lcad-bearing. Load-bearing tiles are 
designed to support loads, as in walls, floors, and roofs. There 
are two classes cf load-bearing tiles. The first class is designed 
for use in outside walls, where the tiles are subject to severe 
weathering. Tiles of this class are marked LBX. The 
other class is suitable for work that is not exposed to the 
weather, as for interior walls and the backing of veneered 
walls. These tiles are marked LB. Tiles intended for interior 
partitions or for other parts that are not expected to support 
leads are marked NB. 
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The surfaces of the tiles may be either smooth or scored to 
form grooves, which aid in holding mortar, plaster, or stucco. 
The exposed surfaces may be glazed or enameled, in which 
tase no plaster or stucco is applied to the surface. 

Laying Hollow Tile.—Hollow-tile units or blocks are laid up 
with broken joints so as to form a bond, and are generally set 
with the cells or air spaces in a vertical position. They may, 
however, be laid with the cells horizontal. The mortar used 
consists of 1 part of portland cement to 3 parts of sand. 
Hydrated lime or well-slacked lime paste to the amount of 
10% of the volume of the cement may be added to make the 
mortar work more smoothly. To prevent water from working 
through the wall, the mortar beds should not extend in an 
unbroken layer through the outside walls. Partitions and 
interior work should be laid with full joints. 


REINFORCED CONCRETE* 
IMPORTANT PROPERTIES 


Reinforcement.—Reinforced concrete is a combiration of 
concrete and steel in which the two materials are so arranged 
that each will effectively resist the kind of stress it can most 
economically sustain. In members subjected to both tension 
and compression, such as slabs and beams, the concrete is 
allowed to resist compressive stress, and small quantities of 
steel in the form of rods or wires are introduced to carry the 
tensile stress and, sometimes, part of the compressive stress. 
In members subjected to compression, such as columns, the 
steel resists some of the stress and also strengthens the column 
against lateral failure. In order that the two materials may 
act together in resisting stress, the concrete must adhere to the 
surface of the embedded steel. 

In the accompanying table are given the areas and perim- 
eters of the round and square bars that are used in reinforced- 

*The recommendations of the Joint Committee on Standard 


Specifications for Concrete and Reinforced Concrete are 
followed here. 


REINFORCED CONCRETE 155 


concrete construction. As recommended by the United States 
Bureau of Standards, the sizes of round bars should be limited 
to 4, %, 4, 3, 2, %, and 1 in., and those of square bars to }, 1, 
13,and1}in. The areas and perimeters of the eleven standard 
sizes are shown in blackface type. The rods may be either 
plain or deformed. 


AREAS AND PERIMETERS OF ROUND AND 
SQUARE BARS 


Round Square 
Size of Bar 
Inches ae Perimeter cre Perimeter 
quare |_ quare 
Taehies Inches Asishes Inches 
z .049 -785 .063 1.00 
ts .077 -982 .098 1.25 
q -110 1.178 141 1.50 
is .150 1.374 191 1.75 
5 196 1.571 -250 2.00 
2 307 1.964 391 2.50 
2 442 2.356 .563 3.00 
4 -601 2.749 -766 3.50 
1 _ 785 3.142 1.000 4.00 
1} .994 3.534 1.266 4.50 
14 1.227 3.927 1.563 5.00 


Weight.—The weight of reinforced concrete is usually 
assumed as 150 lb. per cubic foot. For approximate computa~- 
tions, it is convenient to assume the weight to be 144 lb. per 
cubic foot, because the weight per linear foot of a member is 
then equal to the area of its cross-section in square inches. 

Protection of Reinforcement.—In fire-resistive construction, 
the thickness of concrete protection outside the reinforcement 
should be not less than 1 in. in slabs and walls, and not less 
than 2 in. in beams, girders, and columns. In structures where 
the fire hazard is limited, the metal reinforcement should be 
protected by not less than 2 in. of concrete in slabs and walls 
and not less than 14 in. in beams, girders, and columns. 
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In structures that are subject to moisture, such as footings 
for walls and columns, the concrete covering for the reinforce- 
ment should be not less than 3 in. In structures that are 
exposed to the weather, the reinforcement should be protected 
by not less than 2 in. of concrete. 


Ratio of Moduli of Elasticity.—In the design of reinforced- 
concrete members the ratio m of the modulus of elasticity of 
steel to that of concrete should be assigned values according to 
she ultimate compressive strength f’c of the concrete at 28 da., 
as follows: 


f'c n 
2000 't0'2,400 5% we cess 15 
2,000! tO 2, 900% Sioa cw me 12 
3000 tors 900 tcrk ens 10 
4,000 to 4,900.......... 8 

OVER ID, OOO! © oie utolensierae 6 


REINFORCED-CONCRETE BEAMS 


RECTANGULAR BEAMS AND SLABS 


General Formulas for Flexure.—A cross-section of a rec- 
tangular reinforced-concrete beam is shown in Fig. 1 (a), and 
the distribution of the stresses, as commonly assumed, is 
shown in (b). The compressive stresses vary uniformly from a 
maximum stress fe at the top to zero at the neutral axis, as 
represented by the shaded triangle EFG. Between the neutral 
axis and the steel reinforcement, no tensile stresses are supposed 
to exist, the assumption being that all tensile stress is resisted 
by the steel, but the triangle GHI represents the variation 
of the imaginary stresses in the concrete below the neutral 
axis if the concrete could resist such stresses. The resultant 
of the compressive stresses is located at the center of gravity 
of the triangle EFG, and it may be assumed that the total 
compressive stress C is concentrated at that point. The unit 
stress fs in the steel is 7 times as large as the unit stress fy in a 
fiber of concrete located at the same distance from the neutral 
axis, or fs=nfy. The total tensile stress T acts at the center 
of gravity of the steel area. The ratio of the area of steel ta 
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that of concrete that produces a section in which the full 
working stresses are developed simultaneously in both mate- 
tials is known as the balanced steel ratio. 


Fic. 1 


Let b=width of beam, in inches; 
d=effective depth in inches=distance of steel from 
top of beam; 
x=kd=distance, in inches, of neutral axis from top 
of beam; 
jd=arm of stress couple, in inches= distance between 
center of steel and resultant compressive stress; 
A.s=total area of steel, in square inches; 


As 


=steel ratio=—-; 
p=stee i bd 


be=baianced steel ratio; 
M =bending moment, in inch-pounds; 
f, and f-=unit stresses in steel and concrete, respectively, 
in pounds per square inch; 
M,and M.=moments of resistance of steel and concrete, 
respectively, in inch-pounds; 
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r=stress ratio=fs:fe; 
n=ratio of moduli of elasticity of steel and concrete; 
K=coefficient for balanced steel ratio; 
f'-=ultimate compressive strength of concrete at 28 
days, in pounds per square incn. 


Then, k=V(bn)?+2pn—pn 


ARS 
rin 
. k 
pba 
Me= tfckjbd? 
Ms=fsAsjd 
Mi=fsepjbd? 
k 
oe 
n 
Oe ren) 
M = Kbd? 


In the accompanying tables are given values of k, j, pe, and 
K for various values of fs, fe, and m; and values of k and 7 for 
various values of p and n. 

The allowable compressive unit stress in the extreme fibers 
of a reinforced-concrete beam, due to bending moment, should 
not exceed .45f’c. The working stress for steel reinforcement 
is generally taken as 18,000 lb. per square inch for bars of the 
structural steel grade, and 20,000 lb. per square inch for those 
of the intermediate and hard grades. 

EXxAMPLE.—Determine (a) the width and (b) the area of 
tensile reinforcement of a beam that is to have a total depth 
of 25 in. and is to resist a bending moment of 927,000 in.-lb. 
The allowable unit stresses are f-=900 and fs=18,000 lb. per 
square inch, n=12, and p=.01. 

SoLtuTion.—(a) The first step is to compute the balanced 
steel ratio in order that the given ratio may be compared with it. 
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18,000 


In this case, 7= = 20, and 


ae n 12 
“2ry-+n) 2X 20X(20+12) 
Since the given ratio, p=.01, exceeds the balanced ratio, pe 


= .0094, the resisting moment of the concrete governs the 
design. Then 


k= (pn)?+2pn— pn=V (.01X12)2+2X.01 X12—.01 X12=.384 
: k 1384 
Also, j=1-—-=1-——= .872 
3 3 
2M 2 927,000 
fekj 900.384 .872 
The specified total depth of the beam is 25 in., and, if 2 in. 


6,150 
=11.6, 


= .0094 


Therefore, bd?= 


= 6,150 


is allowed for protection, d=23 in. Hence, b= ai 


say 12 in. 

(6) Since p=.01, the computed value of b is 11.6, and d=23, 

As= pbd=.01 X11.6 X 23 = 2.67 sq. in. ' 
2.67 

If Z-in. round rods are assumed, the number required is con 
=4.4, say 5, the total area of which is 3.01 sq. in. A more 
economic steel area can be provided by means of two l-in. and 
two %-in. round rods, the total area being 2.785+2X.601 
=2.77 Sq. in. 

Formulas for Shear and Bond.-—Let 


V =total shear at section, in pounds; 

v=shearing unit stress, in pounds per square inch; 
u=unit bond stress, in pounds per square inch; 
O=sum of perimeters of reinforcing bars at section, © 


in inches. 
Th 4 
v=— 
ra bid 
V 
and Us reed 
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COEFFICIENTS FOR DESIGN OF RECTANGULAR 


REINFORCED CONCRETE 


BEAMS AND SLABS 


n=15 n=12 
ts 
els Ae 2% a ie k | j De K 
500.349 |.884 |.0062} 77.1] 650 |.358 |.881 |.0083 | 102.5 
550|.371 |.876 |.0073 | S9.4] 700 |.375 |.875 |.0094 | 114.8 
600} 391 |.870 |.0084 |102.1] 750.391 |.870 |.0105 | 127.6 
650].411 |.863 |.0095 |115.3] 800 |.407 |.864 |.0116 | 140.7 | 
14,000]700].429 |.857 |.0107 [128.6] 850 |.421 |.860 |.0128 | 153.9 
750|.446 |.851 |.0119 ]142.3] 900 ].435 |.855 |.0140 | 167.4 
800].462 |.846 |.0132 |156.3 |1,000 |.462 |.846 |.0165 | 195.4 
850].477 |.841 |.0145 ]170.5 ]1,100 |.486 |.838 |.0191 | 224.0 
900|.491 |.836 |.0158 |184.7 |1,200 |.507 |.831 |.0217 | 252.8 
500}.319 |.894 |.0050] 71.38] 650].328 |.891 |.0067| 95.0 
550|.340 |.887 |.0058 | 82.9} 700 |.344 |.885 |.0075 | 106.6 
600}.360 |.880 |.0068 | 95.0] 750 }.360 |.880 |.0084 | 118.8 
650|.379 |.874 |.0077 |107.7 | 800 |.375 |.875 |.0094 | 131.3 
16,000]700}.396 |.868 |.0087 |120.3] 850 |.389 |.870 |.0103 | 143.8 
750|.413 |.862 |.0097 |133.5] 900 |.403 |.866 |.0113 | 157.0 
800].429 |.857 |.0107 ]147.1 ]1,000 |.429 |.857 |.0134 | 183.8 | 
850}.443 |.852 |.0118 |160.4 ]1,100 |.453 |.849 |.0156 | 211.5 | 
900].458 |.847 |.0129 |174.6 ]1,200 |.474 |.842 |.0178 | 239.5 
500}.294 |.902 |.0041] 66.3] 650].302 |.899 |.0055| 88.2 
550|.314 |.895 |.0048 | 77.3] 700 ].318 |.894 |.0062| 99.5 
600}.333 |.889 |.0056 | 88.8] 750 |.333 |.889 |.0069 | 111.0 
650}.351 |.883 |.0063 |100.7 | 800 |.348 }.884 |.0077 | 123.0 
18,000]700}.368 |.877 |.0072 |113.0] 850 |.362 |.879 |.0085 | 135.2 
750|.385 |.872 |.0080 125.9} 900 |.375 |.875 |.0094 | 147.7 | 
800}.400 |.867 |.0089 |138.7 }1,000 |.400 |.867 |.0111 | 173.3 
850}.415 |.862 |.0098 }152.0 1,100 |.423 |.859 |.0129 | 199.8 
900}.429 |.857 |.0107 |165.4 ]1,200 |.444 |.852 |.0148 | 227.0 | 
500].273 |.909 |.0034} 62.0} 650 ]|.281 |.906 |.0046| 82.7 | 
550].292 |.903 |.0040] 72.5} 700 |.296 |.901 |.0052] 93.3 | 
600}.310 |.897 |.0047 | 83.4] 750}.310 |.897 |.0058 | 104.3 | 
650}.328 |.891 |.0053}] 95.0} 800 }.324 |.892 |.0065 | 115.6 
20,000}]700].344 |.885 |.0060 |106.6} 850 |.338 |.887 |.0072 | 127.4 | 
750.360 |.880 |.0068 }118.8} 900.351 |.883 |.0079 | 139.5 
800}.375 |.875 }.0075 |131.2 }1,000 |.375 |.875 |.0094 | 164.1 | 
850}.389 |.870 |.0083 |143.8 }1,100 |.397 |.868 |.0109 | 189.5 | 
900|.403 |.866 |.0091 |157.0 ]1,200 |.419 |.860 |.0126 | 216.2 
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The maximum shearing unit stress in the concrete of beams 
which are not provided with web reinforcement should not 
exceed .02f’. for beams with longitudinal reinforcement that is 
provided with ordinary anchorage at the ends, and .03f’c for 
beams in which the longitudinal reinforcement is specially 
anchored at the ends. 

When the shearing unit stress in the beam exceeds the allow- 
able value that is safely resisted by the concrete, web reinforce- 
ment should be provided to resist the remaining stress. How- 
ever, even then, the maximum shearing unit stress in the sec- 
tion should not exceed .06f’- for beams in which the longitudinal 
reinforcement is provided with ordinary anchorage and .12f'. 
where speciai anchorage is used. Where the shearing unit 
stress exceeds .06f’c, the web reinforcement should be designed 
to resist the entire shear. 

For plain bars that are not specially anchored at the ends. 
the allowable unit bond stress is .04f’c and for deformed bars 
it is .05f’c. When the reinforcement is provided with special 
anchorage, the bond stress may be 1} times the value for ordi- 
nary anchorage. 


Web Reinforcement.—Web reinforcement is provided by 
one of the following methods: 
1. Vertical or inclined stirrups; 
2. Bent-up tension bars; 
3. Combinations of bent-up bars and stirrups. 
This reinforcement should be well anchored in the tensile and 
compressive regions of the beam. 
Let s=spacing of web reinforcement, measured parallel to 
axis of beam, in inches; 
fy =allowable tensile unit stress in web reinforcement, in 
pounds per square inch; 
Ay=area of web reinforcement at section in question, in 
square inches; 
v=shearing unit stress at section, in pounds per square 
inch; 
ve= allowable shearing unit stress in concrete, in pounds 
per square inch; 
b=width of beam, in inches. 
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Then, for vertical stirrups, 


vAy 
ee 
(v—vc)b 
For bars inclined 45°, 
foAv 
s= 
Tu Vc)b 


For bars inclined to the horizontal at any angle X, 
fvAr(sin X+cos X) 
3 (o—00)b 

For all grades of steel, fo is taken as 16,000 lb. The value 
v—vU_e to be used in these formulas should be the average shear- 
ing unit stress that is resisted by the web reinforcement. 
When the shearing unit stress is not greater than .06f’c, the 
distance s between two successive web members, or from the 
point at which a bar is bent up to the edge of the support, 


d 
should not be greater than 5 for vertical stirrups or 2d fot 


bars inclined at an angle, where d is the effective depth of the 
beam. When the shearing unit stress exceeds .06f’c, the 
distance s should not be greater than half of these values. 
Let x-= distance from end of span to point where web rein- 
forcement is no longer needed, in inches; 
Z=length of span, in inches. 
Then, for a beam that is uniformly loaded, 


1 ( i =) 
cco 
2 v 
A method of providing vertical stirrups that is somewhat 


approximate but is good enough for a beam carrying a uniform 
load is as follows: The minimum spacing s, determined by the 


A 
formula oe is used at the face of the support, and the 
VU— Ve, 


spacing is increased to - s at a distance of about 4x- from the 


end of the span, to 2s at 3xc, and to 4s at 3xc, provided it does 
not exceed the maximum allowable value. However, the 
number of stirrups should not be less than 
4(v—c) xed 
TE Spi As 
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DOUBLE-REINFORCED BEAMS 


When the dimensions of the section of a beam are limited by 
building conditions, it may be desirable to place steel in the 
top of the beam, as in Fig. 2, to aid the concrete in resisting the 
compressive stresses. The beam is then said to be double- 
reinforced. Let M represent the maximum bending moment 


Fie. 2 


that is to be resisted by the beam; Me the bending moment 
that the section could resist if it were reinforced at the bottom 
only with the balanced amount of steel Ae=ebd; A’s the area 
of compressive reinforcement in the top of the beam; Ay the 
additional tensile reinforcement in the bottom to resist the 
additional stresses caused by the bending moment M— Me; As 
the total area of tensile reinforcement which is equal to Act+Ay; 
d’ the distance from the top of the beam to the compressive 
reinforcement; fx the unit stress in the concrete at that point; 
f’s the unit stress in the compressive steel; and J the moment of 
inertia of the section, the steel being replaced by narrow strips 
of concrete whose areas are sufficient to produce the same 
effects in resisting bending moments as the corresponding steel 
areas. Then, fora given beam, x is found from the relation 


3bx? + (n—1) A's(x—d’) =nAs(d—x) 
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Also, I=3bx3+ (n—1)A’s(x—d’)?-+nAe(d—<x)? 
Mx 
I 
xs nM (x—d’) 
egy gee 
nM (d—x) 
arr oe 


fe= 
f's 
fe 


To design a double-reinforced beam, the following formulas 


are applied: 
ify Fe(kd —d’) 


kd 
M-M-. 
At 
(n—1)fz(d—d’) 
* M—-M-e 
Y feld—d’) 
T BEAMS 


Width of Flange.—If the slabs are poured monolithically 
with the supporting beams and are tied to them by means of 
stirrups and rods, part of the slab may be considered effective 
in helping to resist the compressive stresses in the beam, and 
the two form a T beam, as represented by the shaded area 
acdefghi in Fig. 3. The slab acdi constitutes the flange, and 


Sey ra 


a j 

4 iY 
WY) 
Le 


Fie. 3 


fa 


the beam below it the stem or web. However, the entire 
rectangular beam, or jkfg in the illustration, is frequently called 
the stem. 
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In the case of symmetrical T beams, the assumed effective 
flange width should not exceed one-fourth of the span length of 
the beam, and its overhanging width on either side of the stem 
should be not more than eight times the thickness of the slab 
nor one-half the ciear distance to the next beam. Therefore, 
if / is the span of the beam, b’ is the width of the stem, ¢ is the 
thickness of the flange, and S is the spacing center to center of 


1 
beams, the width 6 of the flange must not exceed Z: b’+16?, or 


Se 

For beams that have a flange on one side only, the effective 
flange width should not exceed one-tenth of the span length 
of the beam, and its overhanging width from the face of the 
stem should be not more than six times the thickness of the 
slab nor one-half the clear distance to the next beam. 

In the case of isolated beams that are built of T-shaped 
section, the thickness of the flange should be not less than one- 
half the width of the stem, and the total width of the flange 
should be not more than four times the width of the stem. 


Formulas for T Beams.—When the neutral axis of a T beam 
is in the flange, the beam is designed as a rectangular beam 
whose width is equal to the width of the flange of the T beam. 
But when the neutral axis is below the flange, as in Fig. 4, the 
following special formulas apply: 
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d 2 
Spe As+4bt' 
nAst+bt 


r= (= =) 
—2kd—t 
jd=d—z 


2kd—t 
Me= ( q ) sonia 


Ms; =fsA ajd 


In designing T beams, the following approximate formulas are 
found useful: 


P V 
b’d= ae Approx. 
M 
Beg Approx. 


REINFORCED-CONCRETE COLUMNS 


Types of Columns.—Concrete columns may be reinforced by 
longitudinal bars and lateral ties at intervals of about 8 in. or 
by longitudinal bars and closely spaced spiral hooping surround- 
ing the bars. 

When the unsupported length of a reinforced-concrete 
column is equal to, or less than, ten times the least lateral 
dimension of the effective area, the column is considered to be 
a short column. It is assumed that, when a short column 
supports an axial load, the load is uniformly distributed over: 
its effective area. If the unsupported length of the column 
exceeds ten times the least lateral dimension, the column is- 
treated as a long column and an allowance for buckling is made. 

Spiral Columns.—The maximum allowable axial load on a: 
short column reinforced with longitudinal bars and spirel 
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hooping that encloses a circular core may be found by the 
formula 
i, P=,225 fi’ AgtAds 
in which P=allowable axial load, in pounds; 
fc’ =28-day compressive strength of concrete, in 
pounds per square inch; 
Ag=gross area of column, in square inches; 
As=effective cross-sectional area of longitudinal rein- 
forcement, in square inches; 
fs=nominal working unit stress in longitudinal rein- 
forcement, in pounds per square inch. 


The longitudinal reinforcement should consist of at least 
six bars witb a diameter of not less than 3 in., and the effective 
cross-sectional area of that reinforcement should be not less 
than 1% and not more than 8% of the gross area of the column 
section. The unit stress fs may be taken as 40% of the mini- 
mum yield point stipulated in the specifications. It is 16,000 
for billet steel of intermediate grade and 20,000 for billet 
steel of hard grade or for rail steel. The distance along the 
spiral between the centers of adjacent longitudinal bars 
should be not less than 24 times the bar diameter for rouna 
bars and not less than 3 times the side dimension of the bars 
for square bars. 


The ratio of the volume of the spiral reinforcement to the 
volume of the core, or the part of the column within the out- 
side of the spiral hooping, may be goto by the formula 


= 45 (2-15 


in which ~’=ratio of volume of spiral ee to volume 
of core; 
Ac=cross-sectional area of core; 
f’s=unit stress in spiral reinforcement at useful limit, 
in pounds per square inch. 

The stress f’s may be taken as 40,000 for hot-rolled rods of 
intermediate-grade billet steel, 50,000 for rods of hard-grade 
steel, and 60,000 for cold-drawn wire. The distance between 
tne centers of adjacent hoops of the spiral should not exceed 
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one-sixth of the core diameter, and the clear spacing between 
hoops should be not more than 3 in. nor less than 13 in. or 1} 
times the maximum size of the coarse aggregate to be used. 
Also, the spiral reinforcement should be covered by at least 
14 in. of concrete. 


ExampLe.—A short spiral column of circular section is to 
carry an axial load of 330,000 lb. If the ultimate compressive 
strength of the concrete is 2,500 lb. per sq. in., the longitudinal 
and spiral reinforcement are of hard-grade billet steel, and 
the minimum amount of reinforcement is used, what should 
be (a) the diameter of the column, (b) the longitudinal rein- 
forcement, and (c) the spacing of spiral hooping that is } in. 
in diameter? 

SoLurion.—(a) In this case, P=330,000 lb., fc’ =2,500 Ib. 
per sq. in., As is taken as .01 Ag, and fs=20,000 lb. per sq. in. 
When these values are substituted in the formula for P, the 


result is 
330,000 = .225 X 2,500 Ayg+.01 Ag 20,000 


and the required gross area of the column is 


330,000 f 
= 433 sq. in. 
-225 X 2,500+.01 X 20,000 


Ag= 


y 433 
The corresponding diameter is Nicer = 23.5, say 24 in. Ans. 


(6) The area of longitudinal reinforcement should be .01X 
.785 X 242=4.52 sq. in., which can be supplied by eight 4-in. 
round bars. Ans. 

(c) If 14 in. of concrete is provided outside the spiral, the 
diameter of the column core is 24—214=21 in. and the core 
area is .785X212=346 sq. in. Since f’s=50,000 lb. per sq. 
in., the ratio of the volume of spiral reinforcement to the 
volume of concrete ae 

Ao _ 452 _ 2,500 
= 4e( = T= 45x( 1)x = .0069 
aed 346 50,000 

In an inch of ae of column, the volume of spiral rein- 
forcement should be .0069*346=2.39 cu. in. Since the 
cross-sectional area of a 3-in. rod is .11 sq. in. and the length 
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of rod in one hoop of a spiral with a diameter of 21 in. is 3.14 
X21=65.9 in., the volume of a hoop is 65.9 .11=7.25 cu. 
in. The distance between centers of hoops should not exceed 
7.25 +2.39=3.03, or say 3in. Ans. 

Columns With Lateral Ties.—The maximum allowable 
axial load on a short column reinforced with longitudinal bars 
and separate lateral ties is 80% of the allowable load for a 
spiral column with the same dimensions and longitudinal rein- 
forcement. The longitudinal reinforcement in a tied column 
should consist of at least four bars with a diameter of not less 
than $ in., and the effective cross-sectional area of that rein- 
forcement should be not less than 1% and not more than 4% 
of the gross area of the column section. The ties should be 
at least } in. in diameter, and the distance between centers of 
ties should be not more than 16 bar diameters or 48 tie diam- 
eters. The concrete covering outside the ties should be at 
least 14 in. thick in a circular column and 2 in. thick in a 
square or rectangular column. 

Long Columns.—In the case of an axially loaded column 
whose length h is greater than 10 times its least width d, the 
maximum allowable load may be found by determining the 
load as if the column were short and multiplying that result 


by 1.3 3 
Wake pre 
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FOUNDATIONS 


FOUNDATION BEDS 


Materials.—The foundation bed of a structure is that part 
of the natural surface of the earth on which the structure rests. 
The materials usually regarded as suitable for foundation beds 
are solid rock, loose rock, earth, and sand. 

Depth of Foundation Below Surface of Ground.—Founda- 
tions in earth should be carried to such a depth below the 
ground surface that frost will not reach them. Nearly all 
moist earth expands, or heaves, with freezing, and repeated 
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freezing is likely to soften and disintegrate it. It may also be 
subjected to other disturbances near the surface. The depth 
of foundations may be dictated by conditions other than frost. 
Often a material that can safely support the loads on the 
structure cannot be found except at greater depths than are 
necessary to provide against frost. 

The penetration of frost varies with the latitude. In the 
American Gulf States, ice seldom forms; while in the Lake 
region, the ground sometimes freezes to a depth of 5 or even 
6 ft. Ordinarily, in the northern parts of the United States, 
subfoundations 4 ft. below the ground surface may be con- 
sidered safe from injury by frost. 

Not only is the soil likely to be firmer and harder a few 
feet below the surface, but the surrounding earth, by its weight, 
tends to counteract any movement and therefore to increase 
the bearing capacity of the foundation bed. 


Reyuired Area of Subfoundation.—In the case of foundations 
for ordinary structures where the weight is uniformly distrib- 
uted over the whole of the foundation bed, the required area 
is equal to the total load coming on the foundation divided 
by the safe load per unit area. The safe bearing capacities of 
various soils are given in the accompanying table. 


SAFE LOADS ON EARTH FOUNDATION BEDS 


Loads in Tons 


Kinds of Material perSauate: Root 


Aland Soundtrack eemelerlelcrerasiecte ciate nieve 40 
WleditmbharGyrocke. mcmieicisies «cle viele sees 15 
Hardpan overlying rock...........-...+, 10 
Yoh eah ale) Say aero a cinkse sTib neers BIROROC 
GraVvele feta en rer ziereedotns ketosis 
Sand yfirnd- and Coarse tia sci eisieroue ene 
Sand, fire carid ry iy ie wee aot (ore evanere ec erere 
Clayahard"andidry. Perce tis cases os 
Ordinaryahtm-Clay.cer cee sees bee coil 
Sand and clay, mixed or in layers....... 
Sand, wet but confined................. 
Clave tsobtaencnicenaet tae oan oeteheaeies ss 
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Center Cz Pressure and Intensity of Pressure.—In Fig. | 
AB represents the width of a foundation and V the vertical 
component of the resultant of all the forces acting on a por- 
tion of the foundation 1 ft. long. The point, as e, at which V 
is applied to the foundation bed, is called the center of pressure. 


Vv 

A t ye © t B, 
d+ 

= E x 
PrGasd: 


When the force V is applied at the center C of AB, the inten- 
sity of pressure on the foundation bed is uniform and is equal ta 


V 
ra When the center of pressure is at a distance d from the 


center, as in the diagram, the intensity of pressure at the edge 
nearer the load, which is the maximum unit pressure, is 
V i ace 
D1= L L 


and the intensity at the other edge, or the minimum unit pres- 


sure, is 
bat 1-) 


If the center of pressure ee outside the middle third tt, 
the value of f2 is negative and the foundation is subjected to an. 
uplift at the edge farther from the load. Hence, the center of 
pressure should always lie within the middle third of the founda- 


tion bed. When the center of pressure is at the edge of the 


2V 
middle third, the maximum intensity of pressure is - 


SPREAD FOOTINGS 


The term spread footings is applied to footings that are 
shallow in depth, and project far beyond the upper portion 
of the structure. The two types of spréad footings most 
extensively used are the steel-beam grillage footing and the 
rejnforced-concrete footing. 
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A typical grillage footing for a column is shown in Fig. 2. 
On the properly leveled foundation bed is laid a mat a of 
plain concrete. After it has hardened sufficiently, the grillage 
beams 0 and ¢ are placed in tiers or layers, the beams of each 


tier being parallel to each other and at right angles to those of 
the tier below. The beams are kept the proper distance 
apart by means of bolts and separators s. The column base 
and the beams of each tier are usually set ¢ inch above the tier 
below as at g. The beams 
are encased in concrete. 


--4- 


23 
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ieee 
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A reinforced-concrete spread footing to support one column 
is usually made in one of three forms: (1) slab footing, Fig. 3, 
(2) sloped footing, Fig. 4, or (3) stepped footing, which con- 
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sists of a reinforced-concrete slab and one or more steps poured 
monolithically. 

In the usual arrangement of reinforcing rods in square 
footings the rods are placed in two layers, a and b in Fig. 3, at 
right angles to each other and parallel to the sides of the foot- 
ing. Sometimes the rods are placed in four belts or layers, of 
which two are parallel to the sides of the slab and two are 
diagonal. The compressive stress carried by the longitudinal 
rods in the column can be effectively transferred to the footing 
by the dowels d in Fig. 3. 

Wall footings are similar to column footings, but project 
only in a crosswise direction. 


PILES 


Piles that are driven in soft soil in order to sustain vertical 
loads are called bearing piles. They are usually of wood or 
concrete, but are sometimes of steel. Because of the frictional 
resistance between the surface of the pile and the surrounding 
soil, a pile can support a comparatively heavy load. The 
safe load on a pile is usually calculated by means of a formula, 
which is based on the results of tests. Let R denote the safe 
load or the bearing capacity of a pile; s, the penetration of the 
pile, or the average distance, in inches, that the pile moves 
under each of the last few blows of the hammer used for driv- 
ing it; w, the weight of the hammer; and h, the fall, in feet, of 
the hammer at the last blow. Then, for drop-hammer pile 
drivers, the formula commonly used is 


For single-acting air-hammer or steam-hammer pile drivers, 
2wh 
s+.1 
For double-acting air or steam hammers, 
2h(w+Ap 
pms SPS) 
SL 


= 
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in which A =effective area of piston of hammer, in square 
inches; 
p=mean effective air or steam pressure, in pounds 
per square inch. 


Piling is sometimes driven so as to form a tight wall that 
prevents the caving of the face of a bank of earth. Such 
piling is known as sheet piling. 


FIREPROOFING 


GENERAL REMARKS 


The fireproofing of buildings is accomplished either by 
enclosing a framework of steel, which in itself will soften and 
bend under the influence of great heat, with an incombustible 
material such as brick, structural clay tile, or concrete; or by 
forming the entire structure of a fireproof material, such as 
reinforced concrete, which will also supply sufficient strength 
for the various parts of the structure. 

A good fireproofing material should resist not only intense 
heat but also the effects of water striking it when the material 
is heated. The New York City Building Code provides, in 
tests for fireproof floor construction, that a specimen of the 
floor shall be loaded with the designed floor load and exposed 
to a temperature of 1,700° F. for 4 hr. A stream of water 
shall then be directed against the under surface for 5 min. for 
each 100 sq. ft. of surface. To pass the test, the floor should 
not allow smoke to go through it, and must sustain its load 
with a deflection of not more than } in. for each foot of span. 


FIREPROOF FLOORS 


Structural-Clay-Tile Arches.—In Fig. 1 is shown a side- 
construction structural-clay-tile arch, in which the air spaces, 
or cells, in the tile run parallel with the supporting beams. 
In this case, the skewbacks a fit snugly against the beams and 
cover their lower flanges. Another form of flange protection is 
shown in Fig. 2, in which soffit tiles @ are held in place by the 


skewhacks. 
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The tile b in Fig. 1 is the key, and tiles c are lengtheners. 
The tiles in this systern are laid with the joints broken, as 
indicated. The space between the top of the arch and the 
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tops of the beams is filled with a concrete filling made of 1 
part of portland cement and 10 parts of sand, cinders, and 
broken tile. Upon the concrete filling sleepers are laid at 


ee 


Fic. 3 


right angles to the beams and are generally secured to the 
beams, as shown in Fig. 3, by means of steel clips a. The 
spaces between the sleepers are filled with concrete to within 
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+ in. of their upper surfaces. Tie-rods should always be used 
with hollow tile arches to take up the thrust of the arches. 
Plaster can be applied directly to the under surface of the 
arches to form the ceiling. 

An end-construction structural-clay-tile arch is shown in 
Fig. 4, in which the air spaces in the blocks run perpendicular 
(0 the beams. The webs of the tiles as well as the outer shells 
convey the floor load to the supporting beams. On account 
of the greater strength of this system, it has to a great extent 
superseded the side-construction method. 


= | 


Fic. 4 


A combination arch, formed of the end-construction. arch 
vith side-construction skewbacks, is shown in Fig. 2. This 
kewback affords a better protection for the beam. The tiles 
annot be laid with broken joints in this system and each 
rch is complete in itself. 

The accompanying table gives the weight per square foot 
md the allowable span between supporting beams for struc- 
ural clay tile of various depths. The heavier weights are 
he ones commonly used. The lighter weights can be made if 
equired. 

Centering for Flat Arches.—To support the tiles during 
aying, a firm centering is needed. A good form of centering 
5; shown in Fig. 5. The 1l-in. boards a which are dressed and 
et close together, rest on a 4’’X4” or 4X6” piece b that 
xtends parallel with the beams and is midway between them. 
“he piece 6 is suspended by T-headed bolts ¢ from similar 
“eces d, which are laid across the tops of the beams. The 
ves forming the I-beam protection are put in place first and, 
' they are separate pieces, are laid on the boards directly 
neath the beams; or, if the I-beams are protected by the 
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skewbacks, as at e, the latter are set first. The bolts ¢ are 
‘then tightened so as to bend the boards slightly and form a 
camber, or crowning, which should be 3 in. for a 6-ft. span. 

In setting the tiles, the pieces should be adjusted so that the 
surfaces will abut properly. Only the best portland-cement 
mortar should be used, the joints should be thin, and care 
should be taken that the mortar does not become pressed out. 
The centering should be kept in place until the mortar between 
the tiles has set, which takes from 12 to 36 hr. When the 


Fre: 5 


centering is removed, the arch should have a level surface, 
with no open joints or projecting tiles. If holes in the floor 
are required, they may be punched in a tile and closed after- 
ward with broken tile and mortar; or, if a side-construction 
arch is laid, a tile may be temporarily omitted. 

Reinforced-Concrete Floors.—Another kind of fireproof 
construction for floors consists of reinforced concrete used in 
connection with steel beams or with reinforced-concrete beams. 
The reinforcement may be in the form of wire cables, square 
or diagonal wire mesh, rods, bars, steel plates, or unit trusses. 
These floors are built on wooden forms, which are left in place 
until the concrete has set. 

The floor system shown in Fig. 6 has rods that are embedded 
in a slab of concrete. Some of these rods extend across. the 
steel beams and others run parallel with the beams. _ The‘ 
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beams may be of steel, as shown in the figure, or of reinforced 
concrete. If of concrete, the beams and slabs are cast at the 
same time. 


Fic. 6 


In Fig. 7 is illustrated the use of a wire cloth for reinforce- 
ment. This mesh is welded together at the joints or crossings. 
The mesh is made into rolls from 60 to 300 ft. in length, thus 
permitting of long spans and of forming a continuous tie across 
an entire building. Diagonal wire mesh and expanded metal | 
are used in a similar manner. The supporting beams may be 
of steel or of reinforced concrete. 


—— 


Slab-and-Beam Floor Construction.—Reinforced-concrete | 
floors are formed by using thin concrete slabs supported on 
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concrete joists or beams. In Fig. 8 are shown steel forms a, 
known also as tin pans, metal pans, or metal cores, which are 
set on boards 6. Between the pans are formed concrete 


beams ¢, which are reinforced by the rods d. The slab e is 
poured at the same time as the beams. The reinforcing rods 
rest on the lower flanges of the I-beams f. The pans are pro- 


vided with special ends g, which allow the forming of a pro- 
tection h for the I-beams. When the concrete has been poured 
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and has set, the pans may be removed, or they may be allowed 
to remain in place. If a flat ceiling is desired it may be hung 
below the I-beams. 


Natcoflor System.—A long-span floor system, known as the 
Natcoflor system, is shown in Fig. 9. The floor consists of 
tile blocks a having recesses in the sides, and concrete beams 
b reinforced with rods c. The floor is built on a centering of 
2-in. planks d. 


Fic. 10 


Gypsum-Slab Floor Construction.—A floor construction 
consisting of precast, light-weight gypsum slabs in connection 
with light-weight joists is shown in Fig. 10. Gypsum slabs a, 
that are about 10 in. wide, 72 in. long, and 23 in. thick and are 
reinforced with wire mesh, are placed over junior or light- 
weight steel beams, bar joists, lattice joists, or other forms of 
light-weight joists b. These gypsum blocks are made usually 
with tongue-and-groove edges and with recessed ends. The 
slabs are connected to the beams or joists by means of clips c. 


Selection of a Fireproof Floor System.—The question of 
choosing the best floor system out of the many of nearly equal 
merit hinges largely on the cost, as any of those that have been 
described can be made amply strong and, as a rule, entirely 
fireproof, if properly constructed. The floor that is lightest in 


weight is generally the best, as the weights and sizes of the 
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‘eams, girders, and columns are less, and the cost of the 
structure is correspondingly reduced. 


CEILINGS 


Ceilings may be plastered directly on the under side of the 
structural-clay-tile arches. Where the arch or slab does not 
present a flat under surface, a flat ceiling may be hung trom 
the under side of the beams, as shown in Figs. 6 and 7. In 
stores, warehouses, and other buildings where a flat ceiling is 
not necessary, the plaster may be applied directly to the slab, 
thus saving the cost of metal furring and lathing, or the con- 
crete may be painted. 

Gypsum slabs may be suspended below the floor construc- 
tion as shown in Fig. 10. At d are reinforced gypsum slabs 
about 2 in. thick. Rods e embedded in the slab are exposed 
at the pockets at each end of the slab and may be wired to 
channels f, which in turn are wired or clipped to the beams or 
joists. Plaster may be applied directly to the slabs. 


ROOFS 


Roofs on fireproof buildings are often flat as a matter of 
economy. In such cases they are built like floors, and any of 
the forms described may be used. The weight or load being 
‘somewhat less, the construction may be correspondingly 
lighter. 

PARTITIONS 

Fireproof partitions are made of ,structural-clay-tile or 
gypsum blocks, and cement or plaster on metal lath. Tiles 
are readily available and are laid up in cement mortar. Parti- 
tions of this material are heat-proof, sound-proof, and vermin- 
proof. Openings for doors and windows are formed of wooden 
or channel iron bucks. The tile or gypsum blocks should be 
laid with broken joints, and the partitions should be tightly 
wedged at the ceiling. The accompanying table gives the 
standard sizes and weights of structural clay tiles up to 6 in. 
thick, and the safe heights of partitions. 

Blocks made of gypsum or plaster of Paris mixed with a 
tough fiber are used in building partitions. They are some- 
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what lighter in weight than structural clay tiles and are made 
in larger sizes, thus economizing in weight, labor, and mortar. 
These blocks can be cut with a saw and will hold nails well. 

A method of forming a fireproof door jamb in which no 
wood is used.is shown in Fig. 11. A 1}-in. channel stud a 
runs to the ceiling on each side of the door and a 2-in. channel 


Fie. 11 


b is fastened to it to form a buck. A jamb c, of sheet metal, 
is fastened to the channel buck and a sheet-metal trim d is 
fastened to the buck and jamb by screws e. The jamb is 
reinforced at the points where the hinges and locks occur by 
strips of metal f. This treatment makes an absolutely incom- 
bustible and practically fireproof door jamb and trim. 


SIZES AND WEIGHTS OF STRUCTURAL CLAY 
TILES FOR PARTITIONS 


cil ase an 
quare Foot afte 
Thickness | Standard pean Height of 
Inches Inch Partition 
gid Se eee Feet 
Load Non Load 
Bearing Bearing 
2 21212 — 14 9 
3 3X1212 = 15 12 
4 4X12X12 20 16 16 
6 6xX12X12 30 25 20 
8 81212 36 30 24 
10 101212 42 35 — 
12 121212 52 40 — 
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Partitions on metal lath that are thicker than 2 in. are 
generally made hollow. A covering of lath is placed on each 
side of the metal studding and both sides are plastered. 


COLUMNS AND GIRDERS 


Columns.—Columns should be protected with not less than 
2 in. of fireproofing material. For a round cast-iron column, 
segmental blocks of structural clay tile are sometimes used. 
As shown in Fig. 12, these blocks a@ are made with lugs on the 
inner sides which rest against the column. They are set with 
the joints broken and are tied together by metal binders b. 
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In Fig. 13 (a) and (b) are shown methods used to fireproof 
columns of different shapes with structural clay tile. These 
tiles, @ in view (a), are set with breaking joints, and are tied 
with copper wire at intervals of 1 ft. or so. Where pipes are 
run up beside the column, they should be placed as shown at 
ain (0), so that it will not be necessary to destroy the fireproof 
shell of the column if it becomes necessary to get at the pipes. 
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Concrete is a valuable material for fireproofing columns, as 
it is an excellent fire-resistant material. A column covered 
with concrete is protected against oxidation. The materials 
used for making the concrete can be obtained in almost any 
locality and they can be mixed and applied with cheap labor. 
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A form @ in Fig. 13 (¢) is bolted around the column, and con- 
crete is poured into the space between the form and the column. 
After the concrete has set for a few days, the mold or form may 
be removed, teaving the completed column, and the form may 
be used elsewhere... Upon the surface of the concrete, plaster 
may be applied. 
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Gypsum blocks may be used to fireproof columns in practi- } 
cally the same manner as described for structural clay tile. 
Columns are sometimes covered with metal furring and} 
lathing, as shown in Fig. 14. The finished shape of the column 
is laid out approximately in metal furring consisting of angle: 
irons, flat bars, etc., and the metal lath is wrapped around the: 


furring and wired to it. The lathing is then plastered. The: 
enclosed air space helps to provide protection for the column. | 


Girders.—Girders are fireproofed with structural clay tile, | 
as shown in Fig. 15. For single I-beam girders, shown in (a)! 
and (0), clip tiles a are used to protect the bottom flanges, and| 
plain tiles b are used to cover the sides of the girder. For 
double or wide girders, as shown in (c) and (d), the bottom) 
flanges are covered with clip tiles a, and the sides by plain) 
tiles b. The soffit tile ¢ in (d) is held in place by iron clamps) 
e. In (e) is shown a method of protecting a girder with metal) 
furring and lathing. In (f) the girder is covered with a mass. 
of concrete, which protects it from fire and oxidization, 


CONSTRUCTION WITH HOLLOW TILE 


Typical Details for Dwelling.—In Figs. 1 and 2 are shown 
various details used in the construction of a dwelling. The 
wall in Fig. 1 (a@) is started by placing the concrete footing a, 
The starting course of tile b is then laid. Where the tiles 
come in contact with earth, they should be glazed or covered 
on the outside with a heavy coat of waterproof cement. The 
sill ¢ of the cellar window is shown of stone that is backed up 
with tiles d. The lintel e over the window is formed of 12’’X 
12’’X 12” tiles filled with concrete and reinforced by steel rods 
in the lower cells. ; 

The window sill c in Fig. 1 (0) is formed of tiles, 2 in. or 3 in. 
thick, that project beyond the face of the wall; this is finished 
in plaster or stucco the same as the wall of the house. A wash 
and drip are run on the sill as shown. Another form of. lintei 
applicable to both doors and windows is shown at e. This 
lintel is of concrete and tile. It is formed in a wooden mold, 
which is supported on struts that rest upon the sill below until 
the lintel is thoroughly set. When the mold is in place, 2-in, 
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tiles are laid along the sides of the mold and flush with the 
faces of the wall. Rods are then laid near the bottom of the |/ 
Hi 


space between the tiles and concrete is poured in. 
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Floor Construction.—In Fig. 1 (c) is a section of a wall which 
supports a reinforced-concrete and tile floor. A tile is shown 
at a and reinforcing rods at b in the concrete beam c. The 
tile rests on a flat tile d which is placed over the wall tile. 

Another type of fireproof floor, in which joists of reinforced 
concrete are used and tiles are placed between them, is shown 
at i, Fig. 2. A section through this kind of floor is shown in 
Fig. 8. The centering, or false work, necessary in construct- 
ing this floor consists of planks laid 16 in. on centers and sup- 
ported on stringers a. The tiles are set with the edges resting 
on these planks, as shown, leaving a space between the tiles of 
sufficient width to receive the joists. Rods 6 are then placed 
near the bottoms of the spaces and concrete ¢ is poured in. 


Sleepers k, Fig. 2, are laid on top of this construction and 
the spaces between them are filled with cinder .ul, or concrete 
tmade with cinders. Pipes for water and gas and wiring con- 
duits, etc. are concealed within the fill as at j. 

The floor is supported by reinforced-concrete girders 1, 
which rest on piers g. Each pier consists of tiles, in the cells 
of which are placed reinforcing rods and concrete, as shown in 
the upper left-hand corner of Fig. 2. 

The partition m, Fig, 2, is built of hollow tile and is plastered 
on both sides. A pipe chase is furred out with metal furring » 
and enclosed with metal lath 0, upon which tie plastering is 
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applied. A method of making a pipe chase in the outer walls 
is shown at ~. In this case, the inside webs of the tiles are 
broken away and the pipes 
are inserted, after which 
the opening is covered with 
wire lath and plastered. 
In some cities, cutting of 
hollow tile to form chases 
is forbidden. 


Supporting Wooden Floor 
Joists.—In Fig. 4 is shown 
a method of resting floor 
joists on hollow-tile walls. 
The joists are spaced 16 in. 
on centers, which allows 
the placing of a 12-in. tile b 

Fig.-4 between the ends of each 

pair of joists. A row of 

brick stretchers a is often used to support the ends of the 

joists, when the depth of the joists is less than the height of 
the tiles. 

Instead of a course of 
bricks being used to sup- 
port the joists, a course of 
1-in. tile which covers the 
entire thickness of the 
wall, as shown at }, Fig. 
5, is often used. In each 
of these methods the 
spaces between the ends 
of the joists and the tiles 
are generally filled with 
concrete. 

In Fig. 6 is shown a 
third way of supporting 
wooden floor joists; in this 
case joist hangers are used. This method has the advantage 
that the joists do not enter the wall and weaken it. 
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Fastening Roof to Wall.—In Fig. 7 is given a method of 
bolting the plate a to the top of the wall. The bolt is held in 


position and the air cell in which the bolt is set is filled with 
cement mortar. The rafters b rest on the plate in the regular 
imanner. 
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Veneering With Brick.—In Fig. 8 is shown a method of 
veneering a hollow-tile wall with brick. The stone water- 
table @ rests on the thicker tiles of the cellar wall and upon it 
the brickwork is built in front of the tiles. At every tenth 


Wi 


Fic. 8 


or eleventh course of brickwork, the brick veneer is tied to the 
tile backing as at b. This bonding course is backed up by a 
Tow or course of thin tile c. 

Finish of Hollow-Tile Walls.—Hollow-tile walls, when not 
veneered, are generally finished with stucco on the outside. 
The tiles are first thoroughly wet, and a scratch coat, consist. 
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ing of 1 part of portland cement, 3 parts of sand, and not more 
than 10% of hydrated lime or lime putty, is applied, thoroughly 
pressed into the grooves in the blocks, and well scratched. 
The finishing coat should be about } in. thick and can be put 
on to produce different effects of texture and color. By using 
a white cement and marble screenings, a white marble-like 
effect is obtained; by using gray cement and brown sand, a 
warm gray color is obtained. 

The cement may be dashed on, or thrown on with a trowel, 
and a rough texture obtained, or the surface may be troweled 
and made comparatively smooth. Colored pebbles, marble 
chips, etc. may be pressed into the surface. The colors of the 
stones and chips will then appear and give a tint to the entire 


surface. 
ARCHES 


Forms and Parts.—The general forms of arches are semi- 
circular, segmental, pointed, elliptic, etc., the name being 
determined by the inner curve. The various parts of an arch 
are marked in Fig. 1. The inner curve is called the intrados. 


The outer curve is termed the extrados. The soffit is the con- 
cave surface of the arch. Voussoirs or ringstones are the 
pieces composing the arch; the center or highest stone is 
termed the keystone or keyblock. The first courses at each 
side are called springers, except in the case of segmental 
arches, in which they are termed skewbacks. The voussoirs 
between the skewbacks or springing stones and the keystone 
collectively form the flanks or haunches, and the spandrels are 
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those portions of the wall above the haunches and below a 
horizontal line through the crown of the extrados. 

The span is the horizontal distance between jambs, and the 
perpendicular distance from the springing line to the highest 
part, or crown, of the soffit is the rise. 

The joints of circular and segmental arches radiate from a 
single center. In arches having two or more centers, the 
joints in each arc of the curve radiate from their respective 
centers. The joints of elliptic arches are found thus: Draw 
lines from each point (spaced off on the intrados or extrados) 
to the foci, as shown in Fig. 3 (), and bisect the angles thus 
formed; the bisecting lines will give the direction of the joints. 


Examples of Arches.—In Fig. 2 (a) is shown a semicircular 
arch, of which ab is the springing line and cd the rise. 

In (b) is shown a segmental arch; the center a is taken on 
the line ab, which bisects the span cd. The radius of this 
arch equals approximately the square of the span divided by 
eight times the rise. 

In (c) is shown a flat arch built of wedge-shaped voussoirs, 
together serving as a lintel; the joints radiate from a center 
at the vertex of an equilateral triangle of which the span is 
one side. 

In (d) is shown a Moorish, or horseshoe arch, the springing 
line ab being below the center from which the curve is struck, 
making a sweep of about 230°. A similar form is the pointed 
Moorish arch, differing from (d) only above the line cd, above 
which it takes the form of a two-centered or pointed arch. 
These two arches are called stilted arches, from the fact that 
the center is raised above the springing line. 

Another example of stilted arch is shown in (e), in which 
the arch centers are on the line ab, and the springing line cd 
is below it. 

In (f) is represented a brick relieving arch abc, intended to 
carry the weight of the wall above; by this construction the 
lintel d merely sustains its own weight and that of the small 
brick segment e. 

In (g), (kh), and (7) are shown methods for drawing two- 
centered, pointed, or Gothic arches. In (g) is represented an 
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equilateral arch, or one in which the radius a of each curve is 
the same length as the springing line bc. In (hk) is shown an 
arch in-which the centers are taken inside the jamb lines, thus 
flattening the arch; in this example, the radius is equal to 
three-quarters of the span. In (z) is shown a pointed arch 
having a height cd, greater than the span ab. To find the 
centers, proceed as follows: Draw the line ad, and bisect it 
by ef, which cuts the springing line at f, on ab produced. Then 
with f as center and a radius fa, one side of the arch may be 
drawn, the other half being similarly found. 

In Yj) and (k) are shown examples of four-centered Gothic, 
commonly called Tudor, arches. In (j) is represented an arch 
in which the given span ab is divided into six equal ‘parts, as 
at c, d, e, etc. To find the centers for the longer radii, with 
c and e as centers, and a radius ce, describe arcs intersecting 
at f; draw fe and fe, and produce these lines to g, h, i, and j; 
the last two points will be the required centers. With c and 
é as centers, and a radius ca, describe arcs ag and bh; with 7 
and j as centers, and a radius ih, describe the arcs hk and gk. 

In (R) is shown an arch of similar construction, but the span 
ab is divided into four equal parts. The distances ac and bd 
are each made equal to ab; lines are then drawn from ¢ and d 
through e and f, and produced to g and h; the arcs are then 
struck in a manner similar to that shown in (j). 

In Fig. 3, (J) represents an ogee arch, which is stilted one 
part in seven of the total height. The span is divided into 
six equal parts, and the centers for the lower ares are taken at 
a and 6, at each side of the center line cd; the lower and upper 
ares are tangent on the outer line of the molded architrave, 
the position of e and f being determined by the width of the 
neck at g 

In (m) is shown a three-centered arch, having the span ab 
given. To lay out this arch, divide ab into four equal parts, 
as at cde. From a and 0 as centers, with a radius ae, describe 
the arcs ef and cf, intersecting on the center line fg. From 
c and e as centers, with a radius ca, describe the arcs ah ana 
bi; and from f as a center, with the radius fh, describe the are 
gt, completing the figure. 
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In (%) is shown a three-centered skew arch, which closely 
approaches an elliptic curve in form. To construct the arch, 
having given the required span ab and the height cd, proceed 
as follows: Take any point e on cd, and make af and gb equal 
to ed. Draw fe, and bisect this line by the line hi, cutting the 
center line dc at h. Draw hfk and hgj; with f and g as centers, 
draw the arcs ak and bj and with h as a center draw the arc 
kdj 


Fig. 3 


In (0) is represented a form of arch used for egg-shaped 
sewers. To lay out the curves, draw the springing line ab 
and the center line de. From f and g as centers, with a radius 
gc, describe arcs cutting the springing line in a and }; with 
these points as centers, and a radius af, describe the arcs fh 
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and gi. Divide the span gf into four equal parts by points j, 
c, and k, and from the points a and b as centers, with a radius 
ak, describe arcs intersecting the center line de at the point 1; 
now, with J as the center, and a radius lh, describe the arc hei 
draw the upper curve gdf, which is a semicircular arc struc’ 
from the common center c, thus completing the figure. 


CHIMNEYS AND FIREPLACES 


CHIMNEYS 


In planning chimneys the points to be considered are the» 
height, and the number, size, and arrangement of the flues. | 
Attention must also be given to the location in respect to valleys, | 
etc. on the roof. To make the chimney draw properly, a) 
separate flue should be provided, extending from each fireplace } 
to the top of the chimney. For ordinary stoves and small) 
furnaces, the flues may be 8 in.X8 in.; but if the furnace is} 
large, it is better to make the flue 8 in. X12 in., and the same} 
size should be used, when possible, for fireplaces having large} 
grates. Flues are sometimes only 4 in. wide; but are then 
easily choked with soot and difficult to clean, so that a flue’ 
should not be less than 8 in. wide. | 

Flues should always be lined with some fireproof material; 
in fact, the building laws of large cities so require. The lining! 
is usually fireclay tile. If the pipe used is round, the space) 
between it and the walls of the chimneys may be utilized for! 
ventilation. 

Where fiue linings of fireclay or terra cotta are used the outer ) 
walls of the chimney are usually made 4 in. thick. The walls) 
should be made 8 in. thick if no flue linings are used and the! 
flues should be carefully pointed up and not plastered. The. 
brick partitions between flues are called withes. | 

Whenever it is necessary to change the direction of the flue, 
the diversion should be effected by easy bends; ‘and not by) 
sharp turns, which retard the passage of smoke. Chimneys} 
should extend above the highest point of the building or of 
those adjoining; otherwise they are not likely to draw. This. 
fault may be remedied, when the chimney is not carried high! 


| 
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enough, by using a hood having two open sides; but as hoods 
are unsightly, their use should be avoided, when possible. 

In the accompanying table are given dimensions of rectan- 
gular and round flues also their effective areas. 

For fireplaces, in which it is intended to burn anthracite coal, 
the flue should have an area equal to one-twelfth or one- 
fifteenth of the area of the fireplace opening. Where wood or 
bituminous coal is to be used, the flue area should be one-tenth 
or one-twelfth of the area of the fireplace. Thus, for a fireplace 
36 in. wide and 30 in. high designed for burning wood, the flue 
lining should be from one-tenth to one-twelfth of 3630, or 
1,080 sq. in., or from 108 sq. in. to 90 sq. in. From the accom- 
panying table it is found that an 83” 18” flue has an effective 
area of 100:sq. in. and that a 12 in. round flue has an area of 
113.1 sq.in. Either of these flues may be used. If anthracite 
coal is to be burned, the smallest flue should be one-fifteenth 
of 1,080=72 sq. in. From the table, it is found that an 

~ 8113” rectangular or a 10-in. round flue will suffice. 


DIMENSIONS AND EFFECTIVE AREAS OF FLUES 


Rectangular Flue Round Flue 
Outside Size | Effective | Inside | Inside Area 
Inches Suuareninehes eaties Square Inches 


43X84 21 6 28.3 
47X13 36 8 50.3 
73X74 31 10 78.54 
82X84 41 12 113.1 
83X13 70 15 176.7 
82X18 100 18 254.4 
13X13 99 20 314.1 
13X18 156 22 380.13 
18X18 195 24 452.3 

; 20X20 234 27 572.5 
20X 24 278 30 706.8 
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The part of the chimney projecting above the roof should be 
laid up with strong cement mortar so as to prevent disintegra~ 
tion and should be covered with a protecting cap of stone. 
This cap may be pierced with holes to match the flues as 
shown in Fig. 1 where a is the capstone of the chimney with 
holes b cut through flush with the inner edge of the flue lining 


Z 


and covering the joints between the brickwork and the linings. 
A chimney cap that is not perforated is shown at a, Fig. 2.) 
This cap is supported at the four corners by small brick piers | 
between which the smoke passes through the spaces b. This | 


cap prevents rain from falling directly into the chimney. 


FIREPLACES 


The general construction of a fireplace in a dwelling is shown | 
in Fig. 3. The projection of the chimney into the room is) 
called the chimney breast. The height of a fireplace should be) 
about 2 ft. 6 in. to 2 ft. 8 in. above the finished floor, its depth | 
from 16 in. to 24 in. and its width from 2 ft. to 5ft. A properly 


DETAILS OF BUILDINGS 203° 


oe 
—— Uy, 
ZZ 
LY 
CLE44 
Y 


ie! 7xENSIIS 


SA YS SU [o 
“ONE HALF ELEVATION SECTION d-d SECTION g-g 


PLAN PAT. THROAT & DAMPER 
IPTGiES 


designed fireplace should have sloping sides, as shown at a, 
with a slope of about 3 in. in 1 ft., so as to reflect the heat into 
the room. 
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The back b, should slope forwards and form the throat c, 
which should be from 23 in. to 4 in. in depth and of the same 
width as the fireplace opening. The total area of the throat 
should be not less than that of the flue lining. The throat 
should be at least 2 in. or 3 in. above the top of the opening 
of the fireplace as shown at s, and as near the front of the fire- 
place as possible. 

The smoke shelf e, is an important feature. It prevents the 
air rushing down when the fire is started and forcing smoke 
into the room. 

The smoke chamber f, is formed by drawing the brickwork 
together at an angle of 60° on the sides until it is reduced to the 
dimensions of the flue lining. The fireclay flue lining /, is then 
started, being supported by the brickwork, as shown. 

The hearth 7 is extended in front of the fireplace so as to 
catch embers that may fall out of the fire. It is supported on 
the trimmer arch 7 consisting of a single rowlock arch about 20 
in, wide springing from the chimney to the header ¢#. This 
arch is laid upon a wooden center, which is left permanently 
in place to receive the lath and plaster of the ceiling. Upon 
the trimmer arch, the hearth is built up of cement or concrete 
and is finished in tile, marble, or brick. The hearth should 
extend at least 12 in. on each side of the fireplace opening. 

Patent throats and dampers 0, are used in good work, and 
are made of cast iron with a properly shaped throat and a 
hinged damper, which can be adjusted to regulate the draft as 
desired. These devices serve at the same time as supports for 
the brickwork of the front of the smoke chamber. 

Finish of Fireplaces.—Firebrick, soapstone, and metal are 
used for the back and sides, or lining h, of the fireplace. Fire- 
brick forms a most efficient non-conductor and when laid up 
neatly forms an excellent lining. Cast-iron linings are made in 
ornamental patterns, which are used where it is intended to 
use grates. These linings should be backed up with firebrick. 

The facings k of a fireplace may be formed with brick, 
marble or tiles; the hearth should be finished to correspond. 

Ash Trap.—At » an ash trap is shown opening into a chute 
that leads to an ash-pit w, formed in the body of the chimnew 


DETAILS OF BUILDINGS 205 


in the cellar. This pit is furnished with a cleanout door gq 
through which the ashes are shoveled out. 


MISCELLANEOUS FEATURES 


CONCRETE SIDEWALKS 


For a plain concrete sidewalk, the subgrade must have uni- 
form bearing power. Unless the subgrade soil is dry and well 
drained, the sidewalk should be installed on a 6-in. cinder or 
gravel fill which should be well tamped or rolled. If installed 
on existing soil, all soft spots should be filled and unusually hard 
spots should be loosened and tamped. 

Concrete walks should be laid in sections not over 6 ft. square. 
Alternate squares should be laid first and the intermediate 
spaces should then be filled. Expansion joints should be pro- 
vided approximately 50 ft. apart. The expansion joints should 
be filled with bituminous material, and may be dusted with 
cement. Expansion and construction joints should be rounded 
off with an edging tool to prevent chipping of the concrete edges. 

Slabs are usually made 5 in. thick and are crowned slightly or 
are pitched to one side, except in cases where the walks pitch 
lengthwise. In many localities, ordinances give the width and 
pitch of sidewalks. A section through a typical concrete side- 
walk is shown in the accompanying illustration. 


Mix for the slab should consist of approximately 1 part 
portland cement, 14 parts of fine aggregate, well graded from 
1 in. down, and 34 parts of coarse aggregate well graded in 
size from } in. up to 14 in. Not more than 6 gal. of water 
should be used to each sack of cement. The concrete should 
be thoroughly compacted by tamping and spading. The slab 
may be finished at the final level and finished by screening, 
floating, or troweling. 
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If a special topping is desired, it may be installed as a separate 
finish, preferably the same day and before the structural part 
of the slab has hardened. Such a finish may be in the propor- 
tions of 1 part portland cement, 1 part sand, and from 13 to 2 
parts of coarse aggregate. Thesand should bewell graded from. 
1 in. down, and the coarse aggregate should be graded from 3 ta 
2in. The mixing water, including the surface moisture in the 
aggregate, should not exceed 5 gal. per sack of cement. As the 
durability of the wearing surface depends upon the strength of 
the aggregate, there should be as much aggregate at the surface 
as possible. Where an extremely durable wearing surface is 
desired, granite or trap rock aggregates are used. 

In general, a sidewalk should be kept from drying out for at 
least 7 days. If high-early-strength portland cement is used, 
the period should be not less than 3 days. Curing may be 
accomplished by covering the sidewalks with 1 in. of sand that 
is kept moist with waterproof paper or with canvas. Sidewalks 
should be sprinkled at regular intervals during the curing period. 
Proper curing increases the strength and wearing quality and 
reduces shrinkage and the tendency to crack. 

Although many sidewalks are made from plain concrete it is 
often advisable to provide at least light steel mesh reenforcing. 


WATERPROOFING WALLS 


A damp basement may be avoided by conveying the ground 
water away from the basement or by treating the basement 
walls and slab with waterproofing applications or by a combina- 
tion of both methods. To convey the water away from the 
walls, a trench approximately 18’” wide should be left next to 
the wall. An open-jointed tile drain should be laid at the 
bottom and the rest of the trench should be filled with broken 
stone. The tops of the joints in the drain should be loosely 
covered with roofing paper. 

Good workmanship is the best precaution against the pene- 
tration of moisture. Care should be taken to fill all joints in 
masonry walls below grade. The mortar should consist of 1 
part portland cement, .25 part hydrated lime, and 3 parts sand. 
Concrete for walls below grade should be thoroughly mixed and 
should be impermeable, : 
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Basement walls may be 
dampproofed against the 
average soil condition by 
applying one coat of creosote 
vil and two coats of coal-tar 
pitch. The pitch should be 
heated so as to flow freely but 
not above 350° F. Damp- 
proofing should be applied 
only to dry and smooth sur- 
faces, and all cracks and joints 
in the masonry should be 
carefully pointed. The damp- 
proofing should be protected 
with a 1’’ coat of 1:3 port- 
Jland-cement mortar troweled : 
smooth, leveled at the top, and coved out to the edges of the: 
footings. 

For damproofing purposes, numerous paints for interior 
application are available: These should always be used in 
accordance with the manufacturer’s specifications. However, 
where there are differences of temperature, expansion and con- 
traction will usually cause cracks; and in most cases paint can 
be considered only a temporary measure. 

Where the soil is wet and water pressure is exerted against the 
foundation walls, it is usually necessary to install 3-ply mem- 
brane waterproofing. For severe conditions this waterproofing 
should extend under the entire floor, as shown in the accom- 


panying illustration. 

Basement walls are frequently coated on the interior with 
plaster or some other form of finish. Where the walls are of 
hollow block or tiles, the plaster is sometimes applied directly 
to the inside surface with the thought that the voids in the 
masonry units will prevent the moisture from penetrating to 
the plaster. This is a dangerous practice as moisture will fre- 
quently travel through the joints. In addition, the plaster 
applied directly to the basement wall is cooled by the earth 
adjoining the wall; and, when it is cooler than the room tem- 


208 DETAILS OF BUILDINGS 


perature, it acts as a condensing surface for the moisture in the 
air. If finished basement rooms are desired, it is best to fur 
exterior walls. 


EFFLORESCENCE 


On completed masonry there is often visible a light gray dis- 
coloration called efflorescence. Efflorescence is caused by mois- 
ture in combination with soluble salts in the masonry units or 
mortar. These salts in evaporating are deposited on the surface 
in powder orcrystalform. Generally, efflorescence is due to the 
mortar used, as few masonry units contain soluble salts. It is 
more prevalent in walls not reached by sunlight, as the sun will 
draw out the moisture and reduce the amount of efflorescence. 

The most common causes of moisture are an excessive water 
content in the mortar when the walls were built, poorly filled 
joints, faulty flashings, especially under parapet copings, leaks 
in rain conductors or gutters, poorly built cornices, and inade- 
quate caulking around door and window frames. The tops of 
projecting brick courses should be protected by a cement wash 
or by lead or copper flashings. High parapet walls are often a 
source of trouble as they are subjected to the weather from two 
sides. Where not protected by flashings, it is advisable to 
plaster the backs of parapet walls or paint them with water- 
proof paint. 

Attempts have been made to develop mortars free of soluble 
salts. Some progress has been made, but there does not appear 
to be any complete protection against efflorescence. Dry 
walls result only from good workmanship and design, 


PLASTERING 
FURRING AND GROUNDS 


General Procedure.—Plastering consists in the applica- 
tion of a plastic mortar, called plaster. The plaster may be 
applied directly to the masonry wall or to wood, gypsum, 
or metal lathing. Lathing allows part of the mortar to be 
pushed through and fold over on the inner face, thus forming 


a 
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a key which holds the plaster in position. Sheets composed of 
layers of fibrous felt and gypsum plaster, perforated or plain, 
may also be used as bases for plastering. 

Furring.—On masonry walls lathing is usually attached to 
vertical strips of wood, called furring strips, that are 1 in. 
thick by 2 in. wide and are set 12 or 16 in. on centers. Small 
structural members, such as I’s, channels, rods, and V’s of 
rolled or pressed metal, may be used. The furring provides a 
clear space between the plaster and the wall, thus insuring a 
dry plaster surface. In the case of frame buildings, furring is 
used when the supports, such as the under sides of joists, are 
unevenly spaced, or the surfaces are too wide to take the plaster 
properly. 


Metal Furring——Where elaborate architectural features, 
such as ornamental surfaces for cornices, beams, and ceilings, 
are desired, they are formed of a construction of light angles 
and bars called metal furring. This furring is secured to the 
frame of the building and is covered with metal lath and 
plaster. The metal furring should be designed to support the 
plaster as well as to brace it so that it will be rigid. The 
furring members should be spaced so as to take metal lath of 
stock widths. A construction of this kind is shown in Fig. 1- 
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The metal lath is stretched upon the furring and fastened to 
it by means of No. 16 or 18 galvanized lacing wire. The 
illustration indicates the method of furring for a false beam, 
in which the furring is fastened to the floor beams above. 


Grounds.—Wooden grounds should be set around all open- 
ings to take the door and window trim, and where needed for 
bases, wainscotings, picture moldings, etc. The grounds 
should be put up solidly, straight, and true, and the lathing 
and plastering should be brought up to them. The thickness 
of grounds varies with the kind of plastering that is to be 
applied. For three-coat, lime-plaster work on wooden lath, 
a f-in. ground should be used. For two-coat work laid directly 
upon brick or hollow tile and for gypsum plasters on metal 
lath, a $-in. ground should be used. For }-in. gypsum lath, 
grounds #-in. thick are used. 


(®) (¢) 
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Corner Beads and Base Screeds.—In good work it is cus- 
tomary to reinforce all corners and angles with metal corner 
beads, which are secured to the studding or to brick or metal 
surfaces in a suitable manner and are buried in the plaster 
with the exception of a narrow fillet at the corner. In Fig. 2 
are shown examples of such beads. In (@) is a corner bead 
with adjustable nailing cleats which can be moved up or down 
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and secured where the nails 
will hold the best. A bead is 
shown nailed to a brick wall 
in (6) and to wooden lathing in 
(c). Similar beads having a 
metal flange on each side are 
made for internal angles as 
shown in Fig. 3. 

In Fig. 4 is shown a metal 
base-screed that is used be- 
tween a cement or terrazzo 
base and a plastered wall. The 
screed edge for the base is 
shown at a, and the screed for 
the plaster is at 6. At care 
holes through which nails can 
be driven to hold the screed to 
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studs, or by which the screeds may be wired to metal lath. 
The screed in Fig. 5 is used when the adjoining surfaces are 
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at the same level, as with a wainscot of Keene’s cement and 2 
plastered wall above. 


LATHING 


Wooden Lath.—Lath made of pine, spruce, or hemlock 
should be straight-grained, well-seasoned, free from sap and 
rot, and clear of shakes and large or loose knots. Also, to 
prevent the subsequent discoloration of the plaster, it should 
be free from live knots and resinous pockets. The regular 
size of a lath strip is } in.X1} in. X4 ft., the length regulating 
the spacing of the furring strips, studs, and joists. 
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In frame buildings the lath is attached directly to the studs 
forming the framing of the walls and partitions. The ceiling 
lath may be nailed directly to the under edges of the joists or 
it may be attached to cross-furring, which consists of 1/2’ 
strips of wood, nailed at right angles to the joists and set 12 
or 16 in, on centers. Wooden lath are sold in bundles of 100; 
and 1,000 laths will cover about 570 sq. ft. of surface. 
Wooden lath are used occasionally, having been displaced 
by metal and gypsum lath. 


Metal Lath.—Metal lath is made of wires woven together 
in a square or a triangular mesh, of expanded metal, or of per- 
forated sheet metal. Wire-mesh lath is made of 18- to 22-gage 
wire with about 2 or 24 meshes to the inch. It is made in 
rolls 150 ft. in length and 36 in. in width. It is sometimes 
stiffened by means of V-shaped bars, as shown in Fig. 6. The 
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lath is coated with asphaltum, painted, galvanized, or japanned’ 
to prevent corrosion. It is secured to wooden studs by means 
of staples or nails, and to iron furring by means of No. 18 
annealed steel wire. In Fig. 6 (a) is shown the back of the 
lath, partly plastered; and in (b) is shown the front, partly 
plastered. 
sei ote 
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Expanded-metal lath is formed by cutting slits in a sheet of 
metal and stretching it apart into a shape somewhat like that 
shown in Fig. 7 (a) or (b). This process forms stiff sheets of 
lathing that require no stretching when placed on the wall. 
The lath is fastened to the wooden studs or furring with staples; 
and to metal furring with wire. The lath in Fig. 7 (a) has a 
fine mesh and is used for interior work, while that shown in 
(b) has a coarser mesh and is used for exterior work or stucco. 
If desired, expanded-metal lath may be formed with ribs, as 
in Fig. 8. 

A lath stamped out of sheet steel is shown in Fig. 9. This 
sheet is not expanded, but openings are formed in it to allow 
the mortar to reach the back of the lath. Sheet-metal lath 
is usually formed with ribs, as shown, which stiffen the sheet 
and serve as furring to keep the lath a little distance away from 
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the supports, thus allowing the lath to be entirely covered 
with the mortar. 


Gypsum Lath.—Gypsum lath, plaster lath, and other names 
are applied to sheets consisting of a core of gypsum encased in 
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long-fibered paper. Sheets usually are 16”X32” and 16”X48”, 
and 3” thick. The sheets may present an unbroken surface, 
or there may be perforations which permit the mortar to be 
pressed through to form a key. These sheets may be cut with 
a saw. Gypsum lath is used to take the place of the lath 


and the scratch coat of plaster, or sometimes of the lath and 
the scratch and brown coats. The sheets of lath are nailed 
directly to the furring, studding, etc., by means of smooth 
wire nails 13 in. long, and the edges of the sheets are set about 
4 in. apart. 


PLASTER 


Plastering Materials.—The composition of plastering mortar 
depends on the nature of the surface to be coated, the order 
in which the layers are applied, and the desired finish. For 
ordinary work the materials are lime paste, sand, hair, gypsum, 
and plaster of Paris. 

Hair or fiber is employed to bind the paste together and to 
render it more tenacious. Cattle or goat hair is used for this 
purpose, the latter being considered the better. Other bind- 
ing materials are frequently used in making plaster, such as 
Manila fiber, jute, and asbestos. 

Gypsum is an hydrated sulfate of calcium which occurs in 
nature in large deposits in many places. When mined, it is a 
soft rock, and it is prepared for use by heating, which drives 
off part of the water. In setting, the gypsum simply takes 
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‘up water from the mortar, forming the same basic rock again. 
Gypsum is sold in various forms for use as gypsum plaster or 
hard wall plaster. Gypsum plasters require no soaking or 
slaking but are ready for use when mixed with sand. Gypsum 
is slightly soluble in water, and therefore is unsuited for exterior 
work. 

Plaster of Paris is simply refined gypsum. While unfit for 
exterior use, it is valuable fot interior cornice molds and enrich- 
ments, and is also used in several plaster finishes. The great 
value of plaster of Paris is that paste made from it sets rapidly 
and acquires full strength in a few hours. It expands in 
setting, making it a good material for filling chinks and holes 
in repair work. \ 


Piacing Gypsum Lath.—Gypsum lath are nailed in place 
in parallel rows, the edges and ends being kept about } in. 
apart. Nails should be 13” long with $” flat heads, spaced 
approximately 4” apart with not less than four nails per stud. 
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Gypsum lath cuts cleanly and is easily fitted around openings. 
Continuous joints should not occur on any support, and 
joints should be made as shown in Fig. 10 at a. Otherwise, 
cracks will be likely to disfigure the plaster. 


Mixing Lime Plaster.—Lime plaster should be mixed in 
tight boxes. The lime paste is mixed with 2 parts of sand, 
and the hair or fiber is added. For the first coav of lime plaster, 
14 bu. of hair are used for 200 lb. of lime. This mass, which 
is known as rough stuff, is stacked and allowed to stand 7 to 
10 da. before use. 

Mixing Gypsum Plaster.—Gypsum plaster comes on the 
job ready to mix with sand, although some forms are already 
sanded. As gypsum plasters set like cement, the materials 
should be mixed fresh every hour or two, only enough water 
being added to give the plaster the proper consistency. No 
plaster that has set partially should be used. It is important 
that the directions of the manufacturer be followed closely to 
insure good work. 

Scratch Coat.—Plastering is generally done in three coats on 
wood or metal lath, and in two coats on hollow tile, concrete, 
and brick surfaces and on plaster lath. Some variation will be 
necessary on account of the different materials, bases, etc. 
For three-coat work with lime plaster, the rough stuff is taken 
in batches trom the pile, tempered to the proper degree of 
firmness, shoveled into hods, carried to the rooms, and deposited 
on the board f, Fig. 10. A quantity of plaster is placed on the 
hawk g by means of the trowel h, and from there is applied to 
the lathing and spread firmly and evenly over the surface with 
the trowel. 

The mortar should be tough, hold together well, and yet be 
soft enough to be pressed between the lath and bulge out 
behind, forming the key. The thickness of the layer should be 
fully 4 in. After the coat has somewhat hardened, it is 
scratched over diagonally with wooden comb-like tools 1; 
from this fact, the first layer is often called the scratch coat. 
The grooves formed fulfil the same function as the spaces 
between the strips of lath. to allow a good key for the subse 
yuent layer. 
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Brown Coat.—The second coat of plaster, consisting of a 
mixture of 1 part of lime paste to about 3 parts of sand and the 
proper amount of hair, is applied when the scratch coat has 
become dry; the second layer is called the brown, or floated 
coat, because its surface is worked over by means of board- 
shaped trowels, called floats. It is also known as the straight- 
ening coat, since all the surfaces are straightened and made 
true. This is effected by first forming a series of plaster bands, 
called screeds, 5 or 6 in. wide, on the surface to be floated as 
in Fig. 11. The surfaces adjacent to the angles are carefully 
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plumbed up from the plaster ground e but are kept about 4 
in. back from the face, to allow for the finishing coat. The 
vertical screeds f are formed by means of the straightedge g. 
Similar screeds h are formed along the ceiling angles; these 
screeds are made straight, and coincide with those at the 
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opposite angles. Intermediate vertical and horizontal screeds 
tand j are then formed between the screeds adjacent to the 
ceiling and the plaster grounds; these are usually placed from 
4 to 8 ft. apart, and are gaged to line by means of a straight- 
edge. The screeds thus form a system of framing that has 
been reduced to a true plane; the panels are then filled in 
flush with the screeds, and the surface is firmly rubbed down 
with a two-handed float k called a derby. 

The surface is then worked over with a wooden hand float, 
the coat being firmly compacted by incessant rubbing; when 
the coat becomes dry during the process, it is moistened with 
water, applied with a wide brush. A close, firm layer can be 
obtained only by the thorough, laborious operation of pressing 
and rubbing the particles of the mortar together. The ceiling 
surfaces are treated in a similar manner, and the screeds are 
carefully leveled so as to secure true and level planes. In order 
to form a key for the subsequent coat, the surfaces are scratched 
over with a broom. 


Running Cornices.—Where cornices are desired, they are run 
before the finishing coat is put on; where the molded surfaces 
do not project more than 2in., the body may be of coarse stuff, 
but where the projection is in excess of this, a furring of brackets 
and lath, made to conform to the general profile, should be 
arranged for its support. Cornice molds are made of galva- 
nized iron, or zinc, attached to a wooden back, which in turn 
is secured to guide and brace strips. Longitudinal strips are 
attached to the wall either by nails or a layer of plaster of 
Paris, and on this the mold guide runs. The coarse stuff is 
made to conform to the approximate profile with a muffled 
mold, that is, by forming a layer of plaster of Paris along the 
edge of the mold, about # in. in thickness; or an extended 
profile can be cut out of zinc and attached, temporarily, to 
the mold. When the coarse stuff has been properly profiled, 
the surface is coated with gaged stuff and carefully worked 
over with the correct mold, until an exact and perfect finish 
is obtained. The internal and external angles cannot be 
finished by means of the molds, but require to be carefully 
molded and mitered by hand using jointing tools. 


220 PLASTERING 


Finishing Coat.—The third, or finishing coat, is designated 
by various_terms, such as skim coat, white coat, putty coat, 
sand finish, etc. In all cases the material is applied to the wall 
in the form of a stiff paste, by means of a steel trowel, and is 
spread uniformly over the surface to a thickness of about $ in. 

The skim coat is made of lime putty and beach sand that has 
been washed. Lime putty is slaked lime that has been run 
through a sieve into a tight box and allowed to stand for 10 
tol4da. The skim coat is put on with a trowel, floated down, 
and then polished to a glazed surface with a trowel, the surface 
being kept moist by water applied with a brush. 

The white coat consists of gaged stuff made of lime putty, 
mixed with plaster of Paris to the proper consistency, smoothed 
and polished with the steel trowel; as this material sets rapidly, 
care must be taken to observe that the second coat is well dried, 
otherwise the unequal shrinkage will cause hair cracks to occur 
all over the finishing coat. 

A sand finish is produced by applying a coat consisting of 
lime putty mixed with more sand than is used in the skim 
finish, and floating it with a soft pine or cork float. The 
coarser the sand is, the rougher will be the surface of the wall. 

The space between the plaster grounds and the floor is 
usually finished with a scratch and a brown coat of plaster, 
so as to prevent air-currents entering the room from the 
channels between the furring strips; in cheap work this filling 
is omitted, the space being covered by the skirting or base. 

Two-Coat Work.—An economical form of plastering is 
known as two-coat work. The first coat forms the key, but 
is not scratched and allowed to dry. Instead, the brown coat 
is applied immediately, worked into the scratch coat, and 
floated to take the second or finishing coat. 

Applying Gypsum Plaster.—Gypsum plasters are applied 
in practically the same manner as lime plasters, and may be 
either two-coat or three-coat work. When the plaster is 
applied to stone, brick, or tile, the surfaces should be sprinkled 
before putting on the coat. Wooden lathing should also be 
well moistened, so that the laths will swell before, and not 
after, the plaster has begun to set. The makers of gypsum 
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plasters recommend that the strips of wooden lath be spaced 
z in. apart, and that {-in. grounds be used. The finishing 
coat is applied when the base coats are thoroughly dry, and 
may be of lime, gaging plaster, and sand, as already described 
for lime plasters, or of gypsum finishing plaster. 

Gypsum plasters have points of superiority. Being machine- 
mixed, they are uniform in proportions of ingredients, quality, 
and strength. They also are much harder and more tenacious, 
and resist fire and water better than lime plasters. The small 
quantity of water used in mixing them enables them to dry 
out much more rapidly. They are not injured by frost after 
they have begun to set, but should be protected from it for the 
first 36 hr. after being put on the wall. Heat and moisture 
are not readily transmitted by gypsum plasters, and, being 
more dense than lime plasters, they do not absorb noxious 
gases nor permit the entrance of disease germs. 

Ornamental Plastering.—Ornamental plastering embraces 
all cornice work, centerpieces, brackets, ornamental moldings, 
panel ornaments, etc. This work is generally cast and is 
secured in place by plaster of Paris. 

Keene’s Cement.—Keene’s cement is a product formed by 
calcining plaster of Paris that has been saturated with a 
solution of alum. When a highly polished and particularly 
hard white finish is desired, as in imitation tile wainscots in 
kitchens, bathrooms, etc., Keene’s cement is used. It is 
generally applied on a base of cement plaster on metal lath. 
Where a tile effect is desired, the surface is ruled off while soft 
with vertical and horizontal joints in tile size. 

Caen Stone Finish.—The finish known as Caen stone may 
be applied as the finishing coat of lime or gypsum plaster. 
Caen stone, a natural stone found in France, is ground to a 
powder as a base for this finish, and it gives the plaster the 
proper color and texture when mixed with the sand and finish- 
ing material. When the surface is dry, it is sand-papered 
smooth to represent a sand-rubbed surface, or is combed with 
a tool to resemble a tooled surface. Joints are usually cut in 
the finishing coat and are filled with white mortar. producing 
the effect of stone blocks set in white mortar. 
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Outside Plastering.—Outside plastering, or stucco, should 
always be two-coat work. When stucco is to be applied on 
hollow tiles or brickwork, the material to be covered should be 


thoroughly wet. The scratch coat should be at least 4 in. 
thick and composed of 1 part of portland cement, 3 parts of 
sand, and not more than 10% by volume of lime putty or 


hydrated lime. The first. coat should be thoroughly pressed 
on, so as to form a good key, and well scratched before it sets. 
The second coat should be 3 in. thick, composed of 1 part of 
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portland cement and 2 parts of sand, and colored as desired. 
with yellow ochre, lampblack, or mineral pigment. For a 
sand finish, as shown in Fig. 12, a float is used covered with 


purlap. A pleasing surface, like that shown in Fig. 13, is 
obtained by stippling with a sponge full of thin cement. 

The finishes shown in Figs. 14 and 15 show different effects 
caused by casting or throwing the second coat mixed with 


pebbles against the scratch coat. Figs. 16 and 17 show sur- 
faces formed of marble chips and broken stone tamped inta 
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the wet mortar with the float. Fig. 18 shows small pebbles 
‘pressed into the surface of the finishing coat of plaster. 
Whitewashing.— Whitewashing is often included in the plas- 
terer’s specifications. Common whitewash is made by slaking 
fresh lime and adding enough water to make a thin paste. It 
is applied to walls and other surfaces with a brush. White- 
wash will adhere best to rough and porous surfaces. For good 
work, two coats should be put on. By using 2 lb. of sulfate 


of zine and 1 lb. of salt to each } bu. of lime, the whitewash 
will be rendered much harder and will be prevented from 
cracking. It durability, especially for outside work, may 
be increased by mixing 1 pt. of linseed oil with each 2 gal. of 
whitewash. Whitewash is a very useful agent for preventing 
decay of wood, and is valuable from a sanitary point of view 
n buildings of wood, stone, or brick. 
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WOODS USED IN BUILDING 


DESCRIPTION OF WOODS 

White, or Northern, pine is a light, soft, straight-grained 
wood that is used in building, principally as a finishing material 
when work is to be painted. Its power of holding glue renders 
it valuable to the joiner. The tree is common in the Northern 
part of the United States and Canada. 

Long-leaf pine, also known as hard or Georgia pine, has a 
well-marked grain, on account of which it is sometimes used 
as a finishing material. The wood is heavy, hard, strong, and 
under proper conditions, very durable, but decays rapidly in 
damp places. On account of its resinous nature it does not 
take paint well. Georgia pine is often confused with Carolina, 
yellow, or Southern pine, which is greatly inferior to it. 

Short-leaf pine, or North Carolina pine, is neither so strong 
nor so durable as long-leaf pine. In appearance it is some- 
what lighter in color than long-leaf pine, the fiber is softer and 
contains less resin than that of long-leaf pine. 

Sugar pine grows on the Pacific coast. The wood is straight- 
grained and of a compact structure, is soft, easily worked, and. 
resembles white pine. It is used in carpentry and for interior 
finish. 

Oregon pine, sometimes called Douglas fir, while really 
belonging to the spruce family, so closely resembles pine that 
it is so called. While nearly as strong as Georgia pine, it is 
much lighter in weight, and more easily worked. Owing to 
the long lengths in which it can be obtained, it is in demand 
for flagstaffs and long framing. 

Black spruce, growing in the Northeastern states and Canada, 
is light in weight, reddish in color, and though easy to work, 
is very tough in fiber. It is largely used for submerged cribs 
and piles, as it not only preserves well under water, but also 
resists the destructive action of parasitic crustacea, 
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White spruce, scarcely distinguishable from black, is largely 
used throughout the Eastern states for all classes of lathing, 
framing, and flooring. 

Hemlock is like spruce in appearance, but much inferior in 
quality, is brittle, splits easily, and liable to be shaky. It is 
only used as a cheap, rough framing timber. 

White cedar, a soft, light, fine-grained, and very durable 
wood, lacking strength and toughness, is much used for boat- 
building, cigar-box manufacture, shingles, and tanks. 

Red cedar, a smaller tree than white cedar, similar to it in 
texture but more compact and durable, is of a reddish-brown 
color, and possesses a strong, pungent odor, which repels moths 
and other insects, making it extremely valuable as shelving 
for closets, and linings for chests and trunks. 

Cypress, a wood very similar to cedar, growing in the 
Southern part of the United States, is one of the most durable 
woods and well adapted for outside or inside work. Special 
care must be taken in seasoning it, as it tends to sliver and 
become shaky if forced in the drying. 

Redwood, the name given to one of the species of giant trees 
of California, grows to a height of from 200 to 300 ft., its 
trunk being bare and branchless for one-third of its height. 
The color is a dull red, and the wood, resembling pine, is used 
in the West the same as pine is in the East. As an interior 
finish it is capable of taking a high polish, and its color im- 
proves with age. 

White oak is the hardest of the American oaks, and grows 
in abundance throughout the eastern half of the United States. 
The wood, heavy, hard, cross-grained, strong, and of a light 
yellowish-brown color, is used where strength and durability 
are required, as in cooperage and boat making, and is especially 
prized as a material for cabinetwork, when the log is quarter- 
sawed. In first-class work, it is usually cut into veneers 34 in. 
thick, which are laid on cores of white pine or chestnut. The 
silver grain and the high polish that the wood is capable of 
receiving make it one of the most beautiful used for interior 
finish and floors, as well as for furniture and interior fittings. 
It is adapted to several finishes. 
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Red oak is darker and redder, coarser, more brittle, and of 
a more porous texture than white oak. It is much used for 
the interior finish in buildings. 

White ash, the wood of a large tree growing in the colder 
portions of the United States, is heavy, hard, very elastic, and 
exceedingly tough. Its grain is coarse, and very much like 
bastard-sawed oak in appearance. It is used for interior trim; 
and when properly filled can be brought to a high polish. Ash 
is sometimes used for cabinetwork, but its tendency to decay 
and become brittle renders it unfit for structural work. Black 
ash has a brown, cedar-like appearance. 

Locust is one of the largest forest trees in the United States, 
and furnishes a wood that is as hard as white oak. Its prin- 
cipal use is in exposed places where great durability is required; 
also where it comes in contact with the ground, as in posts. 
It is also very durable in damp places. Its hardness increases 
with age. 

Black walnut is heavy, hard, porous, and of a purplish color, 
marked by a beautiful wavy grain. Strong, durable, and not 
subject to the attacks of insects, it is used generally for small 
cabinetwork, gun stocks, and interior decoration. The knotted 
roots of the tree furnish material with a curly grain, called 
burl, which is cut up into veneers. 

Cherry is moderately heavy, hard, very durable, and has a 
close, fine grain. It is susceptible of a high polish, and is 
much used for fine interior trim and cabinetwork. Cherry 
stained black to imitate ebony cannot be detected, except by 
scraping the polished surface. It is largely used for piano 
cases, furniture, etc. 

Birch strongly resembles cherry in texture, and in some 
species in color also. Black or cherry birch furnishes the best 
lumber, but is not as durable as ordinary birch, and is more 
affected by atmospheric influence. 

Sugar, or hard maple is a light-colored, fine-grained, strong, 
and heavy wood. The medullary rays are small and distinct, 
ziving a silver grain to the quarter-cut lumber. It is used for 
flooring and interior trim, but for fine work it is used as veneer. 
Curly maple is maple in which the waviness of the grain is 
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similar to that obtained from the roots of the walnut tree. 
Bird’s-eye maple is produced in old trees by the circular 
inflection of the fibers. Though both the curly maple and the 
bird’s-eye are practically distorted fibers, and reduce the 
strength of the wood, they are highly prized in the cabinet- 
maker’s art. 

Chestnut is comparatively soft, close-grained, and, though 
very brittle, is exceedingly durable when exposed to the 
weather. American chestnut has been killed by a blight. 

Poplar, or whitewood, a lumber of the tulip tree, is a large 
straight forest tree, abundant in the eastern part of the United 
States. It is light, soft, very brittle, and shrinks excessively 
in drying. In color it varies from white to pale yellow. The 
cheapness and ease of working poplar cause it to be largely 
used for the cheaper grades of carpentry and joinery work, but 
it warps and twists exceedingly in even slight atmospheric 
changes. 

Buttonwood, also called sycamore, is the wood of a tree 
generally known as the plane tree. It is heavy, hard, of a 
light-brown color, and very brittle. The grain is fine, close, 
and susceptible of a high polish. It is very hard to work, 
liable to decay, and has a strong tendency to warp and twist 
under variations of temperature. On this account it is best 
used for veneered work. 

Basswood is the name given to the American linden tree. 
In general appearance it strongly resembles pine, but is much 
more flexible. It has a great tendency to warp, and will 
shrink both across and parallel to the grain. It is much used 
for curved panels. 

Mahogany is a native tree of the West Indies and Central 
America. The color, grain, and hardness of the wood vary 
considerably according to its age and locality of growth. It 
is used for the highest grades of joiner work. The straight- 
grained varieties do not warp or shrink materially with atmos- 
pheric changes, while the cross-grained varieties warp and 
twist to a remarkable extent, and can, therefore, be used to 
advantage only when veneered upon some more reliable wood. 
The soft and inferior grades from Honduras and Mexico are 
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called baywood to distinguish them from the rich deep-red 
San Domingo or Spanish mahogany. Prima Vera or white 
mahogany is of a creamy color, very much like the baywood 
in texture, and makes a beautiful finish for fine work. 

Rosewood is a heavy, hard, and brittle wood, from several 
trees native to the tropical countries. It has a beautiful 
grain, alternating in dark brown and red stripings, which when 
well polished makes the surface one of the handsomest products. 
of the vegetable world. As a veneer, it is applied to all kinds 
of cabinet, furniture, and joinery work where richness and 
durability are required, regardless of expense. 

Ebony, a dark, almost jet-black wood, native to the East 
Indies and parts of Africa, is heavy, strong, and exceedingly 
hard, with an almost solid annual growth. It takes a high 
polish, and is used in cabinetwork. 

Sweet- or red-gum, a tree of large growth, is very plentiful 
in the Central and Eastern States. It is soft in texture, but 
strong and tough, and strongly resembles light-colored walnut. 
It presents a very handsome appearance when selected and 
well finished, but has a tendency to warp and shrink, which 
makes it unreliable, unless used in veneered work. It is 
largely used for fine interior trim, and cabinetwork. 


RELATIVE HARDNESS OF AMERICAN WOODS 


Woods may be divided into four classes in considering their 
hardness, using the term hardness in its literal sense. The 
very hard woods are hickory, hard maple and the best qualities 
of oak. The hard woods are oak, cherry, ash, birch, black 
walnut, and sycamore. The medium hard woods are the 
Southern and Western pines, Douglas fir, and sweet gum. 
The soft woods are white pine, spruce, hemlock, cypress, red- 
wood, poplar and chestnut. 


SHRINKAGE OF WOODS 


When seasoning in the open air, boards shrink very little 
lengthwise of the grain, but shrink in width from 3% to 
10%. The approximate shrinkage in width for different 
woods is given in the accompanying table. 
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So So So 
Sy oa ee 
Kind of Be Kind of GM Kind of gm 
Wood O.8 Wood O.§ Wood 0.8 
BS eel 5) a 
go go PAD 
White pine....| 3. | Ash....-... 5 | Sycamore. . 5 
Spruce, ........ SH [Disses Ser | Birch enc. 6 
Hemlock 3 | Walnut..... 5 | Chestnut . 6 
Cypress .... 3) Poplars. 27. % 5 | Hickory . 6 to 10 
Long-leaf pine. 4 | Maple...... ba | Oakstka. 2 6 to 10 
Short-leaf pine.| 4 


QUALITIES OF TIMBER 


The best timber is obtained from mature trees, the fibers 
of which have become compact and firm, both by the drying 
up of the sap and by the compressive action of the bark. 
There is a great difference both in appearance and strength 
between the heart-wood, or duramen, and the sap-wood, or 
alburnum; in the former, the fibers are firm and dense, and 
possess a deep color; in the latter, they are open, porous, and 
filled with sap, and are usually of a pale color. The heart- 
wood is much stronger, and less liable to decay and to the 
attacks of insects, than sap-wood. 

The medullary rays consist of vertical layers or sheets, 
radiating from the center, and connecting the pith with the 
bark. They are not, however, continuous, but are broken 
by the interweaving of the fibers. Those rays extending from 
the pith to the bark are called primary rays; those extending 
through only a portion of the stem are called secondary rays. 
The medullary rays are prominent in oak, beech, and sycamore, 
but are not so well defined in birch, chestnut, and maple. 
It is the presence of these medullary rays, sometimes called 
silver grain, that gives so much beauty to quartered oak. 

Figure 1 represents.a section of an oak or ash tree, the coarse 
texture formed of the large sap vessels being shown at a, the 
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closer texture at b, the bark at c, the primary medullary rays 
at 7, and the secondary ones at j. 

Selecting the Stock.—In good lumber for building purposes, 
the heart-wood should be sound and mature, the sap-wood, 
or layers next the bark, being entirely removed. The wood 
should appear uniform in texture, straight in fiber, be free 
from large or loose knots, flaws, shakes, or any kind of blemish. 
When the rings are close and narrow, they denote a slowness 
of growth, and are usually signs of strength. When freshly 
cut, the wood should smell sweet; a disagreeable smell is a 
sign of decay. The surface, when sawed, should not appear 
woolly, but be firm and 
bright, and it should not 
be clammy and choke the 
saw. When planed, the 
wood should have a silky 
appearance; the shavings 
should come off like rib- 
bons and stand twisting 
around the fingers. When 
the wood appears dull and Fic. 1 
chalky, and the shavings 
are brittle and friable, it is not first-class stock. Good 
lumber should be uniform in color; when blotchy or dis- 
colored it signifies a diseased condition. 

Imperfections.—There are various defects in timber, which 
may be caused either by the nature of the soil in which it 
grew or by accidents due to storms, etc. 

Heart shakes are cracks or partings of the fibers, radiating 
from the center of the tree. They are common in nearly all 
classes of timber, and are caused by the shrinkage of the inner 
layers incidental to loss of vitality; the cracks are wider toward 
the heart. 

Star shakes are cracks radiating from the center, but are 
wider toward the bark; they are caused by the rapid drying 
of young timber while it is full of sap. 

Cup shakes are curved splits that separate the layers, and 
are caused by severe wind storms. 
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Rind galls are curved swellings, caused generally by resinous 
layers forming over a wound where a branch has been broken 
off. 

Foxiness is a yellow or red coloring, signifying the early 
stages of decay. 

Dry rot is a fungus growth, and can be discovered by a 
black-and-blue tinge; the end wood is crumbly and crisp. 
Timber thus affected is of no permanent value, as the rot 
continues until the fiber becomes powder. 

Twisted fibers are caused by the twisting tendency of winds 
blowing generally in one direction; such timber possesses little 
strength, owing to the oblique direction of the fibers. 

Knots are either stubs of branches or the gnarly growth 
formed where the branches are looped off. Knots may be 
small and sound, in which condition they are not objection- 
able, or they may be large and loose; if large, the strength of 
the timber is very much reduced, and, if loose or dark in color, 
they will ultimately fall out, loose knots being the stubs of 
dead branches. 


QUARTER AND BASTARD SAWING 


The term quarter sawed signifies that the log is cut into 
quarters before being reduced to boards, while the term bastard 
sawed denotes that all the saw cuts are parallel to the squared 
side of the log. In genuine quarter sawing (also called rift 
sawing) the cuts should be as nearly as possible at right angles 
with the circles of growth, or annual rings, or parallel with 
the medullary rays a, as shown in Fig. 2; while in bastard 
sawing, the cuts are nearly parallel with the annual rings and 
expose the edges of the medullary rays a and the face of the 
annual rings, as shown at b’ and c’ in Fig. 3. The advantages 
in quarter sawing material having well-defined medullary rays 
are that it wears better, shrinks less, and the silver grain 
presents a very fine effect. 

Fig. 4 illustrates four methods of cutting the boards from 
the “quarters.” The tree is first quartered by cutting it on 
lines ab and cd, after which the quarters may be reduced tc 
boards by any of the methods shown. The best results are 


CARPENTRY AND MILLWORK 233 


secured by the method shown between a and ¢, as the saw cuts 
are nearly on radial lines, and the full face of the silver grain 
will be exhibited. The section between c and b shows the 
next best method; fewer triangular strips are formed, but the 


a! 
ry 
te 


boards will not present as rich an effect, as many of the medul- 
lary rays are cut obliquely. The result of cutting the section 
between a and d, while economical in material, will not give 
as good results as the two former methods. Where thick 
material is desired, the system of cutting shown on the section 
between dand bis adopted,the 
cuts being made in the order 
in which they are marked. 
As before stated, the best 
effects are produced when 
the saw cuts come parallel, 
or nearly so, with the medul- 
jary rays: this is shown in 
Fig. 2.. These rays on the 
end section are marked a, 
and are seen to cross the Raced 
annual rings 6 and ¢ at 
nearly right angles, so that the edges of these rings are exposeG 
on the face, and through them the silver grain a’ emerges 
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The value of quarter sawing does not consist merely in expos- 
ing the beautiful figuring of the material, but it is found that 
the quartered material shrinks less than one-quarter as much 
in width as the bastard-sawed stock. This is an invaluable 
virtue, which the joiner and cabinetmaker are not slow to 
appreciate. Quarter-sawed stock is also less sensitive to 
changes of temperature, and when once thoroughly seasoned 
and well put together, it makes an admirable finish both for 
interior treatment and furniture, and its beauty is greatly 
enhanced with age. 


WOOD FRAMING 


BALLOON FRAMING 


Definition.—In the balloon system of framing, timbers of 
small section are used to construct a light, skeleton frame, 
whose rigidity depends on a covering of j-in. boarding nailed 
diagonally to the studding. This is the distinguishing feature 
of balloon framing compared with braced framing, in which 
the rigidity depends on a well-arranged system of mortise- 
and-tenon joints and diagonal bracing, irrespective of covering. 
A practical application of balloon framing is shown in Fig. 1 
which is an isometric sketch of part of a building during 
erection. 

Sill.— After the wall a is completed, the 4’’*8” sill b should 
be laid in a bed of mortar, tamped, and carefully leveled, as 
from it all heights are measured. The edge should be kept 
back from the face of the wall, so that the outside boarding 
or sheathing will be flush with the latter. The sill should also 
be accurately squared, to obtain satisfactory results. A very 
simple and practical method of squaring depends on the 


geometrical principle governing right-angled triangles; namely, | 
the hypotenuse is equal to the square root of the sum of the | 


squares of the other two sides. This principle is illustrated 
at the near corner of the sill in the figure. Lines are drawn on 
the top of the sill-equidistant from the outer edges, and a nail 
is driven at their intersection. From this point 6 ft. is meas- 
uted on one line and 8 ft. on the other, and nails are driven at 
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the points marked. Where the pieces are square to each other, 
the hypotenuse will measure just 10 ft. Triangles with sides 
that are multiples of 3, 4, and 5, such as 6, 8, and 10, 9, 12, and 
15, etc., may be used also. 

The sill is halved and spiked at the corners as shown at ¢ 
and where the pieces composing it cannot be obtained in 
sufficient lengths, the sill is pieced out by means of the beveled 
splice, as shown at d. In exposed situations where high winds 
are frequent and when the frame is placed over a lower story of 
masonry, the sill is anchored to the wall by means of anchor 
bolts. These bolts are from 1 in. to 1} in. in diameter, and 
are firmly built into the masonwork of the wall with the thread 
end projecting above it. Holes are then bored into the sill to 
fit over these projecting ends, and, after the sill is laid and 
leveled, it is securely held in place by screwing nuts tight on 
the ends of the bolts with a washer between each nut and the 
sill, as shown at e. 

Girders.—Where the span is so great that the floor joists 
must have an intermediate support, a masonry wall or else a 
girder is used, and is placed parallel with the bearing walls. 
If a girder g is used, it is supported at intervals by wooden or 
iron posts or else by brick piers, as shown at f. The girder 
may be of wood, which is generally used in frame houses, or it 
may be a steel beam, which is preferable from the fact that it 
will not shrink. The girder g has 2’’X4” strips spiked to the 
‘sides to support the ends of the joists. 

Joists—When the sills and girders are in place, the first- 
floor joists # are then set as shown, and are notched down over 
the girder and sills. Care must be taken not to notch the end 
of a joist more than about one-sixth of its depth from the 
bottom or else it may split along the line of bearing. Headers 
t and trimmers 7 should be double the thickness of the joists 
or, may be formed of two single joists spiked together with 
the grain reversed. The tail-beams k may be supported on 
strips nailed to the side of the header, in the same manner as 
they are supported on the girder g. They may also be sup- 
ported by iron hangers or by tusk-and-tenon joints. If the 
header 7 is more than 4 ft. in length. it should be supported 
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from the trimmer by iron hangers. The trimmer j is shown 
supported on the girder by iron hangers. 

The joists should be braced every 5 ft. or 7 ft. with cross 
bridging, or herring-bone bridging, which consists of 1/’ 2” or 
2”"X3” strips nailed diagonally between the joists as shown 
atl. The joists are generally 2 in. or 3 in. thick and from 6 
in. to 14 in. in depth, and are spaced from 12 in. to 16 in. on 
centers. They should be spiked to the sides of the studs of 
walls and partitions where possible. If the carpenter, on 
looking along the edge of a joist finds that it is curved, or 
crowned, he should place it with the convex edge uppermost 
so that when the joist settles it will be level. 

Owing to the fact that timber is often sawed scant of its 
supposed dimensions, it is generally sized, or notched down a 
fraction of an inch, at the bearings so that when set the tops 
of a series of joists will be at the same level. 

Corner Posts.—Corner posts m, which consist of two pieces 
of timber spiked together, are placed at all corners of the 
building and where bearing partitions meet the outer walls. 
lf the studding is 4 in. wide, the corner post will be formed of 
a 4X6” stick with a 24” stud nailed on the long side. 
These posts are held in place by temporary braces n. 

Studs and Ribbon.—The outside studs are cut with notches 
to take the ribbon or ledger board o, and are set in place 12 in. 
or 16 in. on centers and the ribbon is nailed to them. The 
studs are doubled around all openings. The second tier of 
joists is set in place, notched over the ribbon and spiked to 
the sides of the studs. They are sized down on the partition 
either lapping and being spiked together as at 2; or with butting 
joints as at y and being spliced together by $-in. wooden fish- 
plates. The joists are nailed to the sides of the studs where 
possible as at 7. 

Plate.—The plate g, formed of two 2’’4” pieces, is spiked 
down on top of the posts and studs, and is lapped at the cor- 
ners and elsewhere where necessary. The attic joists, h are 
then put in position, their ends resting on the plate and the 
partition. The joists act as collar beams tying the bottoms of 
the rafters to prevent their spreading, and should be firmly 
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spiked to them. Care should be taken that the frame does 
not get out of plumb, or perpendicular, and it should be well 
braced until all the sheathing is on and the partitions are set. 

Braces.—In some cases, braces m are iet into the corner 
posts, sills, and intermediate studs and keep the corners plumb 
and strengthen the frame. 

Partitions.—The supporting partitions are made of 2’’X4”, 
3” <4", or 2’"X6” studs of hemlock or spruce, set 12 in. or 
16 in. on centers. Where one partition comes immediately 
above another, it should bear directly upon the cap of the one 
below, which is made of two partition studs laid flatwise. 
Studs should be doubled around all openings and openings 
over 3 ft. wide should have a simple truss formed above them 
as shown at a, Fig. 2. Partitions, if more than 8 ft. in height, 
should be bridged with pieces of studding as at b. 

Sheathing.—Before the building is sheathed, the corner 
posts m, Fig. 1, should be carefully replumbed and adjusted 
by means of a plumb-bob suspended from the wall plate and 
run down to the sill, when the most accurate adjustment can 
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be made. The sheathing s should be placed diagonally at an 
angle ot 45°, and be well nailed to each stud with two or three 
nails, according to the width of the board. The butt joints 
should be cut on the center line of the studs. With boarding 
thus placed, well fitted and nailed, the structure is completely 
braced in a very simple and effective manner. The outer 
surface should be covered with a layer of heavy building paper 
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lapped at the edges and tacked in place. Paper, being of 
close texture and a non-conductor of heat, makes an excellent 
covering material, rendering the building warmer in winter and 
cooler in summer. 

Sheathing consists of a cheap kind of lumber, 3 in. thick, 
but the boards should be dressed to an even thickness. The 
roof is also covered with sheathing boards, but when tiles, 
slate, or shingles are used, strips are sometimes nailed hori- 
zontally to the rafters as shown at u and spaced at a distance 
apart equal to the distances between nailings of the roofing 
material. When rafters project beyond the face of the build- 
ing, they should be covered with sheathing for their full pro- 
jection as at ¢. Sheathing should be placea on each side of all 
valleys; for 8 or 10 in. on each side of the ridge and around all 
chimneys, as at b, Fig. 3. At the backs of all chimneys saddles 
should be formed as shown at a, Fig. 3. 

Insulation.—Good practice indicates that it is desirable to 
insulate the exterior walls of a building so as to make the 
interior warmer in winter and cooler in summer. This insu. 
lation may consist of special boards. Types of insulating 
board are now made that are recommended by the manufac- 
turers as suitable for sheathing purposes. These boards serve 
the double purpose of enclosing and bracing the frame and also 
insulating the building against temperature changes. 

Boards are made in large sizes, and the joints are fewer than 
in wood sheathing. Insulation-board sheathing is available 
in units that are 4 to 8 ft. wide, up to 14 ft. long, and # in. 
thick. Special sheathing boards that are 2 ft. wide and 8 ft. 
long and are intended to be applied horizontally are also made. 
It is claimed that a frame building with insulation-board 
sheathing is fully as rigid as one with wooden sheathing. 

Boards known as rigid insulation are used not only on the 
exterior of the frame but also on the interior, thus forming a 
double insulation. Thinner boards, which are } in. thick, 
are also used in the form of insulation. 
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WESTERN FRAME CONSTRUCTION 


Definition.—Western frame construction is a term 
that is applied to a type of framing in which lumber nominally 
2 in. thick is used, and in which the supporting studs extend 
from the top of each tier of joists to the under side of the tier 
next above, the studs being provided with soles and plates. 
Each story has its separate studs, joists, and other framing 
members. This type is used in the western and southern 
states, 


Characteristics.—In the Western type of framing, each 
story is framed separately. The stud spacing may be different 
in the two stories, if desired, as the studs do not extend through 
more than one story. Window and door openings need not 
have trussed headers over them, as the construction prevents 
loads from coming on the heads of the windows below. 


Example.—An example of Western frame construction is 
shown in Fig. 4, the general design of the building being similar 
to that shown in Fig. 1, in which balloon framing was used. 
The frame rests on a masonry foundation, the sill @ being a 
2X8" piece bolted to the masonry. At } is a header against 
which the joists ¢ stop, and at d is a doubled joist at the end 
of the building. This doubled joist takes the place of the 
header on the side of the building. If the building is too wide 
for joists to span the distance from wall to wall without inter- 
mediate supports, or the use of joists in one length, an inter- 
mediate girder is necessary. The girder e is built up of two 
or more 2-in. pieces. The ends of the joists are supported on 
2’’x4" cleats f on either side of the girder. Bridging g is 
used to add stiffness to the joists. Over the joists and extend- 
ing to the outside of the headers, }-in. rough, or under, flooring 
h is laid diagonally. On this floor is laid a 2’’X4” sole i on 
which the studs 7 and the posts k stand. The corner posts k 
are built up of three 2’ 4” studs, arranged to furnish nailing 
for the sheathing on the outside and for lath on the inside of 
the building. This corner post is similar in design to the posts 
shown in balloon framing. At the corners of the building 
braces / are built in to stiffen the frame. 
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Another method of framing the second-story joists is similar 
to that used for the first-story joists, where the ends of the 
joists are butted into a header. Where this method is used 
the ends of the joists have only a 2-in. bearing, and should be 
thoroughly spiked to the header. 

Two 2” x4” pieces are used at m as a girt, or plate, on the 
cop of the first-story studs. The second-story joists m rest on 
this girt and extend out to the sheathing. Headers or block- 
ing pieces o are built in between the ends of the joists to pro- 
vide nailing for the flooring », which is laid diagonally across 
the joists, and extends out to the sheathing as in the first story. 

In the second story, the studs g rest on a sole 7, the same 
as in the first story, and the studs extend to a doubled 2’’ 4” 
plate s, which supports the attic joists ¢ and the rafters u. 
These attic joists and rafters are 2 in.X6 in., although with 
wide spans it will be necessary to use larger sizes. 

Fig. 4 shows the framing necessary to provide for window 
openings, gables, stair openings, etc. In a general way the 
same method of jointing is followed as with the balloon frame, 
all of the joints being butt or lap joints. The studs are doubled 
at each side of the door and window openings, and the heads 
and rough sills of the windows are doubled, as well as the door 
heads. 

BRACED-FRAME CONSTRUCTION 


Definition.—The braced-frame method of construction is one 
in which the principal parts of the frame are joined together 
with mortise-and-tenon joints, and in which the angles are 
braced rigidly. The whole frame, consequently, is stiff and 
secure in itself before the sheathing is applied. A portion of 
a building having a braced frame is shown in Fig. 5. This 
building is the same in plan as the one shown for balloon 
frame, Fig. 1, and Western frame, Fig. 4. 

This type of frame was used generally before the advent 
of the balloon and Western types, and required heavy timbers 
and careful workmanship. It is expensive and requires con- 
siderably more time-and labor than is needed for either a 
balloon frame or for. a Western frame. It is seldom used 
today in domestic work. Nevertheless, this method of fram- 
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ing is a good one and is used in heavy framed constructions 
of wood where a particularly strong structure is required. 

Sill.—The sill a, Fig. 5, is usually 6 in.X8 in. in size, ig 
bolted to the masonry as at b, halved at the corners as at ¢, 
and is spliced as at d. It is notched as at e, to receive the ends 
of the joists. 

Girders.—When the building is too wide for joists to span 
in one length, a girder f, Fig. 5, is used to support the inner 
ends of the joists. The girder is supported at intervals by 
masonry piers g, or by posts on masonry footings, and at the 
ends on the foundation wall, being joined to the sill by a 
halved joint. The girder is shown notched for joists in the same 
manner as the sill. 

Corner Posts and Girts.—The corner posts h, Fig. 5, are 
framed, that is, all the mortises, tenons, etc., are cut, and the 
posts are raised into position. The girts 7 and j and the angle 
braces k are framed into the corner posts, the tenons being 
held in place by oak pins. The corner posts are made plumb 
and are held in position by temporary plank braces. When 
2’’x4” studs are used, these corner posts are generally 4 
in. X6 in. in size, and the girts are 4 in. <6 in. iu size. If the 
studding, however, is made of 2’"X6” material, the posts must 
be made 6 in. X8 in. in size, and the girts must be 6 in. <6 in., 
or 6 in.X8 in. in size. The angle braces k are made usually 
of 4X4" material, and are mortised into both the corner 
posts and the sill, girt, or plate. 

A post is also placed in the exterior wall at the ends of the 
girders f, p, and s. The ends of these girders are framed into 
this post. The post would be braced by diagonal braces 
similar to those shown at k. 

Studs.—In braced-frame construction, the studs are some- 
times mortised into the sill, as at /, Fig. 5, and somtimes into 
the girts and plates. They usually, however, are simply 
butted against these members and are toe-nailed to hold them 
securely. Studs adjacent to openings are usually 4 in. in 
thickness, being formed generally with two thicknesses of the 
regular 2 in. studs, and are butt-jointed and toe-nailed to the 
plate, sill. and girt. Where 4 in. studs are used, the window 
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sill and head are let into the studs as at m, but when doubled 
2-in. studs are used, the sill and head are let in through one 
stud, as at m. In braced-frame construction the studs extend 
usually through only one story. 

Joists.—The first-floor joists 0, Fig. 5, are supported on the 
sill and on the girder, the ends being fitted to the notches 
already mentioned. For the second floor, the joists at one 
end rest on the girt 7 and are spiked to the adjacent studs. 
The other ends of the joists rest on the corresponding girt in 
the other end of the building, or, when the span is too great 
for joists in one length, on the cap » of a bearing partition. 
The joists are lapped past each other so as to secure a firm 
bearing on the cap and to permit of nailing the joists together. 


CLL: OS 


Third or attic-floor joists rest on the plate g, which is 4 in.X4 
in., or 4 in.X6 in., in size, depending on the size of the studs, 
and are nailed or spiked usually to the rafters 7. They also 
have an intermediate bearino on a partition cap s. The joists 
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in each story are braced by cross bridging, as at 1. 
Openings in the floor are framed with trimmers uw, and a 
header vis framed into the trimmers. 


Termite Protection.— Destruction by termites, annually runs 
into millions of dollars. There are two classes of termites: 
ground-inhabiting termites and dry-wood termites. In the 
United States, the ground-inhabiting termites are found in 
almost every state; dry-wood termites thrive only along the 
southern boundary. The ground-inhabiting termites live in 
moist earth, shun the light, and build tunnels to reach their 
food. 

Protective measures against termites try to eliminate mois- 
ture and food supply. In moist soil, subsurface drains should 
be installed to take the water away from foundations. Founda- 
tion walls of masonry should have all joints well filled with 
mortar, and the exterior surfaces should be parged. To avoid 
racks below the wood sill, tops of concrete walls should be rein- 
forced with steel rods. 

Wood below the first floor, including the sub-floor should be 
given protective treatments under pressure. The common 
treatments are zinc salts and coal-tar creosote. The creosote 
treatment is the more economical. Pressure-treated wood 
should be cut to exact length before being treated. Nail holes 
and cuts at the site should receive at least two coats of preserva- 
tive. 


HANGERS, CAPS, AND ANCHORS 


In Fig. 7 (a), (6), and (c) are shown the ordinary forms of 
wrought-iron stirrups; in (d), (e), and (f), are shown joist 
hangers; in (g), (#), (¢), and (j) are hangers for use in brick walls. 
In (k) is represented a hanger for heavy girders or joists, 
adjustable to suit several sizes of timber by changing the bear- 
ing plate a, thus serving the same purpose as that shown in (J), 
which represents a hanger made in right and left parts, and 
fastened together by a bolt. 

In Fig. 8 (a), (6), and (c) are represented two-member post 
caps; one is steel and the others are cast iron. In (d) and (e) 
are shown three-member post caps; in (f), (g), and (h), one 
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steel and two cast-iron four-member post caps. In (é) and (j) 
are shown two cast-iron wall-bearing plates; in (k), a steel 
wall-plate hanger; in (/), a cast-iron box anchor for use over a 
edged wall; in (m), (m), and (0), cast-iron box anchors, the 
atter for I beams. In (9) is shown a steel base plate; and in 
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)) and (r), two forms of cast-iron base plates. ‘The fittings 
10wn in (a), (d), (f), (k), and (p) are the Van Dorn; and those 
(0), (c), (e), (g), (A), @), (m), (n), and (0), the Goetz styles. 
In Fig. 9 are shown the common forms of anchors for tying 
ood floor joists to masonry. They are made of wrought 
ir iron about + in.X2 in. in section and about 2 ft. long. 
There the anchor passes through the wall, as in (d), a cast- 
9n washer, or plate, holds the anchor in place. 
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In Fig. 10 are shown several forms of ties for anchorin 
I beams, channels, etc.; (a), (6), (c), and (d) represent ordinar 
wall anchors; (e) is a tie-rod anchor running through the wall 
and (f) shows the upper I beams connected by a fish-plate: 
and secured to the girder by clips. 


| 
i 
} 
| 


q 

When wall boxes or hangers are not used, templets, or 
bearing stones, should be placed under the ends of beams 
and girders, to distribute the weight evenly on the wall. The 
should be of tough stone, having a thickness of about one-third 
the least surface dimension, but not less than 4 in. It is ‘wel 
to place flat stones above the joists, etc., so that any shrinkag 
in the latter will not affect the wall. The building laws o 
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some cities provide that joists shall be supported on corbels, 
at least 4 in. wide. This is a good construction. but a cornice 
is required to conceal the corbel, 


PROVISION FOR SHRINKAGE 


Timber, as ordinarily supplied, is seldom well-seasoned. 
It shrinks perceptibly across the grain, whereas the shrinkage 
lengthwise is negligible. All horizontal members of a frame, 
such as sills, girders, and joists, will shrink and partitions or 
stud walls resting on them will consequently settle. The fram- 
ing should be designed so as to equalize this settlement between 
the sill and the girders, supporting the joist and partitions. 


(a) 


In Fig. 11 the diagrams or sections show methods of fram- 
ing the sill and the girders under the first tier of beams and 
bearing partitions. In (a) is a 4X8” sill with the ends of 
the joist sized or notched down on it 2 in. The shrinkage 
that will affect the first floor at this point will be due to that 
of the 4in. material in the sill and 10-in. in the joist, or a 
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total of 14 in. The shrinkage at the girder should be made 
equal to that of 14 in. of material. 

In (6).is a wooden girder, such as is commonly used, with 
two 3’’X4” strips bolted to the lower edges. By sizing down 
the ends of the joists 2 in. on these strips the floor is subject 
to the shrinkage of 14 in. of material, 4 in. in the strips and 10 
in. in the joist. This equalizes the shrinkage between the 
girder and the sill. 

In (c), an I-beam girder is shown with 3’’X4” strips bolted | 
to its lower part so that the shrinkable material will be 10 in. | 
for the joists, which are sized down 2 in. on the strips, and 4 | 
in. for the strip. | 

In (d), the joists are shown supported on hangers suspended. 
from the girder that is 10 in. deep. The shrinkage that will 
affect the first floor at this point is due to the lower one-half 
of the girder, or 5 in. and 114 in. to the joist, which is sized 
down } in. on the hanger. The total shrinkable material is 
1134 in.+5 in. or 164 in., or 24 in. more than at the sill. To 
equalize this, the end of the joist in the hanger should be sized 
down 23 in. more, which, as it has been already sized down 
3 in., will amount to 3 in. To notch the joist to this extent, 
however, is not to be recommended. 

The joists should never rest directly on top of a wooden 
girder, as shown in (e), as the settlement will be due to the 
shrinkage of the girder plus that of the beam, or say 10 in. + 
114 in. = 213 in., or 74 in. more material than at the sill. 

A good arrangement is shown in (f), where an I-beam girder 
has a 24’’X4” wooden strip resting on its upper flange and 
upon this the joists are sized down about }in. The shrinkable 
material is 11} in. for the joist and 2} in. for the strip, or 
14 in., which is the same as at the sill. The only objection 
to the girder in (f) is that it extends below the cellar ceiling, 

The girders in (b), (c), and (d), etc. are shown supporting 
bearing partitions that hold up the joists of the upper stories. 
These girders should also be designed so that the settlement of 
the upper floors shall not be more at the partition than at the 
outside wall. The second-tloor joists at the wall above the 
sill rest on the ribbon, which is spiked firmly to the studs, 
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hence there is very little chance of settlement at this point 
except that due to the joists themselves and the sill on the 
cellar wall. As the joists are 10 in. deep and are sized down 
on the ribbon 1 in., there is 9 in. of shrinkable material, which 
added to 4 in. of the sill, gives a total of 13 in. 

In (0), the bearing partition rests on the wooden girder, 
which is 10 in. deep. With a partition cap h, 2 in. thick, the 
total shrinkable material at this point will be 9 in. for the 
joist, 2 in. for partition cap, and 10 in. for the girder, or 21 in. 
With 13 in. at the wall, the difference is 8 in., hence it is unwise 
to use a wooden girder, such as shown, to support the parti- 
tion. By the use of the I-beam in (c), the second floor is 
subject to the shrinkage of 9 in. for the joist, 2 in. for the 
partition cap, and 2 in. for the sill laid on top of the girder, 
era total of 13 in. This is the same as at the wall, thus pro- 
viding an equality of settlement throughout the second floor. 
The use of wooden girders, as in (d) and (e), produces the same 
inequalities of shrinkage as in (b) and should be avoided. 

The section (f) has a 24-in. sill, a 2-in. partition cap, and, 
if the joists are sized down 14 in., an 84-in. joist, making a 
total of 13 in. of shrinkable material. The section in (¢) with 
an I-beam girder gives the best results. 

If there is no unequal settling of the second floor, there will 
be none in the attic joists. The 4 in. partition cap upon 
which the attic joists rest will shrink the same as the plate 7. 
Where the outer bearings of joists are on masonry walls, the 
girder, holding up the inner ends and the supporting parti- 
tions, should be of steel, or else a brick wall should be used. 
The use of wood with the grain horizontal should be confined 
to the sills and caps of partitions only. 


ROOF FRAMING 


SLOPE OF ROOF 


The slop of a roof, or its inclination to the horizontal, is 
usually expressed by the ratio of the total rise of the roof to 
its total span. Thus, 4 pitch means that the height of the 
toof equals one-third of its span. The slope may also be 
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expressed by the vertical rise in each foot of horizontal run, 
as Lin. to the foot or 6 in. to the foot; or by theanglein degrees 
and minttes, as 45° 0’ or 18° 26’. Fig. 1 shows several slopes | 


expressed in all three ways. : 


The best slope for a roof is determined by considerations of 
appearance, cost, climate, and materials. Where the appear- 
ance of the roof is an important feature, as in churches and in 
buildings designed in certain architectural styles, the roof is 
made steep and covered with slate, tiles, or shingles; when it is 
necessary to be economical, the roof is kept flat and covered 
with cheaper materials. In climates where there is a great 
deal of rain and snow, steep roofs are more satisfactory, while 
in hot and dry climates flat roofs are better. Slate, tiles, and 
shingles are serviceable only on roofs with a decided slope. 
Metal and composition roofs, being watertight, are used for 
flat roofs. 

The accompanying table shows the maximum and minimum 
slopes allowable for roofs of different materials. 
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TABLE OF ROOFINGS WITH MAXIMUM 
AND MINIMUM SLOPES 


Rise per Foot 
Kind of Roof 


Maximum | Minimum 


Coal-tar pitch, felt, and slag......... 
Coal-tar pitch, felt, and gravel....... 
Coal-tar pitch, felt, and tile or brick. 
Coal-tar pitch, felt, and cement...... 
Asphalt with any of above.......... 
Pheet ASHEStOSe class sis sseleieiens. diamine eve 
IReAG V-KOOHNES ne sielaxsrafeiovere ies erelsie eos 
pin silat Secitrih otis, ncarne ees elalabelaioces « 
pbinnistadimpiSeamen nse ets. Leto 
Copper ilatiseam occc.0 estas mates 
WNESb IKONS Dal ae s15.e ce voel erie ae oes 
Sheet iron, corrugated........0000. 
CATV AS ate Nota mW «wre bveseasiel Piece sta. 
hinges AWwOOG- cs. c15, create. oot eleDces ee 
hinples (ASMESLOS. craic.) ote% ciele.e 08 ees 
MSDINSIES WTS ball seahorse esate svete hac ac 
late! latee SIZE oe.  snect sree el a-eesetena 
Slates smiallisizenicc.. cc « + Aneta cee 
Tile, cement, flat 
Bbiles Clays. Oils! wah as 
Tile, copper or metal 
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TYPES OF ROOFS 


A roof with a slope of but a few degrees is called a flat roof. 
In Fig. 2 are shown several types of roofs that are in common. 
use. In (a) is a roof with a single slope, which, when the pitch 
is 30° or more, is called a single-pitch roof, a shed roof or a 
lean-to. In (b) is shown a double pitch, or gable, roof. A 
hip roof is shown in (c), where bo, ao, and do are the hips. In 
(d) is a roof with a gable at each of the four sides; the lines 
where the slopes intersect are called the valleys. The valleys 
are co in the perspective view and 0’e’, o’c’, o’a’, and o’g’ on 
the plan. A gambrel roof is shown in (e), the end abd is 
called a gable. A mansard roof is shown in (f) in which the 


lower part is almost vertical in its slope and the upper part is 
similar to a hipped roof; if very flat it is called a deck roof. 


In (g) are shown a perspective view and plan of a gable and || 


valley roof and in (h) a hip and valley roof, 


RAFTERS | 

Types of Rafters——A common rafter is one that extends i; 
from the plate to the ridge as ac’, Fig. 3. Hip-and-valley 
rafters are placed at the hips and valleys as at fe’ and ge’ and 
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at ki’ and hi’. The rafters cut against them are called jack- 
taftersshown atop. ‘The ridge rafter is placed along the ridge 
at c’e’. 

Roof Plan.—In roof framing the first step is to lay out a roof 
plan,as shown in Fig. 3 (@),on a board or sheet of drawing paper, 
to a scale of, say, 1} in. to1 ft. This figure shows a plan of a 
roof of uniform pitch, the wing being the same width as the 
main building. One end of the roof shown is hipped, while the 


Fie. 3 


other ends are finished with gables, as may be readily under- 
stood by reference to the perspective view (b). In both views, 
the same letters refer to the same parts. 

Length and Cuts of Common Rafters.—At the center of ab 
in Fig. 3 (a), erect a perpendicular cc’ equal to the height of the 
ridge above the wall plates; join c’ and b; then, the angle at 
b is the foot-cut, and that at c’, the plumb-cut of the common 
rafters. The length may be found by scaling. The angles 
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are transferred to the rafter by means of a bevel as shown in 
(c), in-which 0 is the foot-cut, and ¢ the plumb-cut. 


Length and Cuts of Hip-and-Valley Rafters.—On the line 
that represents the hip on plan, as eg in Fig. 3 (a), erect a per- 
pendicular ee’ equal to the height cc’ of the ridge; join e’ and g; 
the angles at e’ and g are the plumb- and foot-cuts, respec- 
tively, and the length may be found by scaling. The lengths 
and cuts for the valley rafter ih are in this case the same as 
for the hip rafter, and are found in the same way, as shown at 
h and 7’ in (a) when revolved. 


Length and Cuts of Jack-Rafters.—Erect a perpendiculat 
me’’ at the center of the span fg; with f as a center, and e’g, 
the true length of the hip rafter, as a radius, strike an arc 
cutting me’’ at e’’; join f and e’’; then the angle at e” is the 
rheek-cut. The foot- and plumb-cuts will be the same as for 
the common rafters. The length 
of any jack-rafter as of, is found 
by prolonging it to cut fe’’, as at 
p’; then op’, measured by scale, is 
the length of op. 


Cheek-Cut for Rafters of Any 
Pitch. On the face of the rafter 
draw the plumb-cut, as at ab, Fig. 
4; parallel to ab draw de at a dis- 
tance ¢ equal to the thickness of 
the rafter; square over from d tof, 
and join f and a, thus obtaining 
the cheek-cut. 

Lengths of Hip or Valley Rafters; Wall Plates at Right 
Angles.—Having fixed the rise and run by the square for the 
common rafter, take 17 in. for the run of the hip or valley 
rafter. Thus, if the roof is one-third pitch, z.e., 8 in. rise 
and 12 in. run, the hip or valley rafters will have the same rise, 
8in., and 17in.run. These results are a trifle large. 


Lengths of Jack-Rafters——Having obtained the lengths of 
the first two adjacent jack-rafters at the toe of the hip rafter, 
by the graphic or other method, méasure the difference between 
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their lengths, and keep adding this difference for the subse- 
quent ones. 

Profiling Hip and Jack-Rafters for a Curvilinear Roof.—In 
Fig. 5 the arrangement of the rafters is shown in plan, eg 
being a hip rafter, and hi 
a jack-rafter. In the 
elevation, b’c’ is the span 
and oe’ is the rise. To 
find the shape of the hip 
tafter eg, make e” g’’ 
equal in length to eg, and 
lay off e’k"’, kh’, etc., 
equal to ek, kh, etc. 
Erect perpendiculars at 
Cpu oh, etc. WAGE; RB; 
h, c, etc., drop, perpen- 
diculars cutting the curve 
e’g' at k’, h’, etc. From 
e’, Rk’, h’, etc. draw hori- 
zontals cutting perpen- 
diculars from e”’, k’’, h”’, 
etc., at the points e’”’, k’”’, 
h’”, etc. A curve drawn Fic. § 
through these points gives h 
the required outline of the hip rafter. The shape of the jack- 
rafter hi is the same as the curve h’g’. 


WINDOWS 


AREA 


The following proportions are given by different authorities 
for fixing the amount of window surface: (1) One-eighth of 
the wall surface should be windows. (2) The area of glass 
should equal at least one-tenth of floor area. (3) One square 
foot of glass should be allowed to 100 cu. ft. of interior space 
to be lighted. Class rooms in schools should be provided with 
a glass area, preferably on the long side of the room, equal 
to one-fifth or one-fourth of the floor area of the room. It is 
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better to have a surplus than a deficiency of light, for if too 
bright, it can be regulated by blinds or shades. 


DESIGNS 


The height of the window should be twice its width. The 
glass line of windows in dwellings should be about 30 in. from 
the floor for principal rooms, and about 36 in. for bedrooms. 
In all cases, the heads of 
windows should be as near 
the ceiling as the construc- 
tion and interior scheme of 
treatment will permit, to 
obtain better light and 
ventilation. The meeting 
rails of window sash should 
be placed not less than 5 
ft. 9 in. above the floor; 
otherwise, the rail will be 
on a level with the eyes, 
' obstructing the view. 

It is difficult to make 
sash that are hinged and 
open inward water-tight, 
and those opening outward 
| are likely to be injured by 

Fie.-1 the action of wind, so that 

for general service the best 

results are obtained by use of sliding sash, counterbalanced 
by means of chords or chains and weights. 

Sash stops should be fastened with screws passing through 
slotted sockets so that they can be adjusted, thus preventing 
the sashes from rattling. 


CONSTRUCTION 


ACellar Windows.—For cellar windows, which are often not 
high enough to permit the use of sliding sash, a single sash 
hung in a rabbetted frame is used. In Fig. 1 is shown a view 
and in Fig. 2 a working detail of such a frame in which @ is the 
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jamb, or side; b is the head, or top; and ¢ the sill. The head 
and jambs are rabbetted to take the sash d and a mosquito 
guard e. The staff bead f is nailed tightly into the corner 
formed by the outside of the frame and the masonry jambs, 
to prevent the entrance of wind and rain. A groove in the 
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Fic, 2 


nderside of the sill, where it rests on the stone sill g, is filled 
rith mortar when the window frame is set, thus preventing 
he passage of air and water. The interior finish is generally 
mitted in cellar windows, but a simple molding h is sometimes 
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nailed in the corner. The frame is shown in a concrete ei 
and_the strips k are nailed to the jambs to prevent the frame 
trom slipping out. 


Double-Hung Windows.—In Fig. 3 is shown a view of a! 
window frame with sliding sash, for a frame building. In| 
Fig. 4 is shown a working detail of the same. Windows of 
this type are known as double-hung windows. The pulley | 
stile @ may be from 14 to 1} in. thick, and should be tongued 
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into the blind stop 6, which is } in. thick. These tongues make 
the stiles rigid, preventing them from deflecting sidewise when 
the sashes are being operated, and form an excellent stop for 
wind and rain. An open space of from 2 in. to 23 in. is left} 
between the back of the pulley stile and the rough stud, thus 
forming a box for the weights. 

A movable pocket for the insertion of the weights is cut 
out of the lower portion of each pulley stile on the inside so 
that it may be covered by the lower sash. The parting strip 
dis } in. or = in. thick, and passes into a groove # in. deep in 
the pulley stile. The outside casing, or architrave, e, 1} in. | 
thickX5 in. wide, is firmly nailed through the blind stop” 
into the pulley stile and to the wall sheathing. The inner 
face of the window frame is finished with a casing, or architrave | 
c, the width being sufficient to cover the plaster joint. 
The sash stop g, from } in. to § in. thick, is secured with 
round-headed screws passing through slotted sockets for. 
adjustment. This member should not be less than 14 in. | 
in width to take the window shade properly. The members 
g, d, and b should be kept in line, their projection beyond 
the face of the pulley stile being regulated by the thickness 
of the sash stop. 

The sill h is made of 2-in. stock. The bevel formed on the 
inside of the lower sash and on the corresponding part of 
the sill, tends to force the sash, when closed, against the parting 
strip d. The rabbet in the sill just back of the outer face of | 
the lower sash permits the water to drip from the face of the 
sash. The rabbet at the outside of the blind stop is to take 
the bottom of the blind or shutter. The sill is plowed on 
the under side to receive the clapboards or siding and a bed 
molding is fitted underneath the sill and returned against the 
siding at either end as shown at/. At 1, is a block placed on 
the pulley stile between the parting strips and the stop-bead, 
which is of the same thickness as the stop-bead; this prevents 
the lower sash from being raised so high that the sash fastener 
can strike the head of the frame. A mullion is shown in Fig. 4 
(s), with a partition between the weights of the different 
windows. 
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For durable work, the window frames should be put together 
with stiff white-lead paint, particularly adjacent to the sill. 
The sashes k are made from 1% in. to 12 in. thick. The sash 
should not be made more than 13 in. thick where 4-in, wali 
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studs are used. If thicker sash is required, the studs should 
be made 5 in. or 6 in. wide. The meeting rails m, 14 in. to 
12 in. thick, according to width of opening, may be double- 
or single-beveled, as shown, so that they will come tightly 
together when closed. The lower rail n may be from 3 in. to 
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1 jn. wide, and should be accurately fitted to the sill. A stool| 
oand an apron # are fixed to the edge of the sill and to a plaster | 
ground g, and finished with a bed mold as shown. The length| 
of the apron should be equal to the width from out to out of 
casings, or architraves, and have the moldings returned. 

iL 


Kk 


In Fig. 5 is shown an isometric sketch and in Fig. 6 a work-| 
ing detail of a box-frame window suitable for a stone or brick} 
wall. The general design and construction of the frame and 
sash are similar to that shown in Fig. 3; the only changes 
being in parts that require to be adapted to a new condition. 
In brick walls, it is usual to set the window frames during } 
the erection of the walls, thus facilitating the plumbing of 
the brick jambs, particular care being taken to brace the) 
frames, in order to keep them plumb and level. By extending 
the outside casing a 1 in. beyond the back lining b, the frame 
can be firmly held in place in the wall. The sill c, made of 
2-in. plank should be bedded in haired lime mortar, or, for 
first-class work, stiff white-lead paint and white sand. The 
groove on the bed permits the formation of a mortar tongue, 
making it practically air-tight; the slightest shrinking and 
warping of the sill allows the passage of air and water, unless 
this device is adopted. A #-in. finished casing d may be 
attached to the box casing e, after the building is ready for | 
trimming, thus covering its marred condition. The window 
stool or seat f is tongued into the casing d, providing for its 
expansion and contraction; it is generally finished with a 
molded apron g. The jamb casing h is tongued into the finished 
casing d, and the opening trimmed with a casing, or architrave, 
such as 7, nailed to the jamp casing h and the plaster ground j. 

The hanging stile k in brick-set frames is attached thereto 
before setting, but where outside blinds are not used, an angle 
mold may be substituted. Before the window frames are 
given the final coats of paint, the hanging stiles may be removed 
and the joint between the frame and the brickwork calked 
with oakum to make a weather-proof joint, after which the 
hanging stiles are replaced. 

In stone walls, window frames are not usually set until the 
building is roofed and is prepared for the plastering, or has 
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the plastering completed. There are two reasons for this, 
the principal one being the difficulty experienced in setting 
jamb stones and lintels while the frame is in position, and the 
second that, with all due care, the frames are more or less 
damaged during building operations and are never so true to 
line, level, and plumb as those set in place after the walls are 
completed. When set in this latter order, it is necessary to 
encase the masonry openings with screeds or wooden strips, 
carefully alined and plumbed. The frames are secured in 
place by means of hold-fasts or wall plugs. 

Screens.—Figs. 5 and 6 also show screens and blinds fitted 
to the frame. Where both blinds and outside screens are 
used, a special piece » is nailed to the pulley stiles and upon 
this a strip, or track, o is fastened, which receives the screen p. 
Space must be left between the face of the screen and the 
inside face of the blind for the rod that is fastened to the slats 
in the blind, and for the hardware where the ordinary blind 
fasteners or adjusters are used. | 


The screens » are made with hardwood or metal frames, 
with a wire mesh stretched tightly over them. The cheapest | 
screens have steel-wire mesh and consequently need frequent | 
painting to preserve them from rust. The best screens are 
covered with a mesh made of copper bronze, which is not | 
subject to rust. The mesh is made with 14 to 16 wires to the 
inch. The screens are provided with springs g, which are con- | 
cealed in the grooves at the sides, and will remain stationary in 
any position. 

Blinds and Shutters.—Blinds are made with slats, either | 
fixed or movable; shutters are solid and generally paneled. | 
Both blinds and shutters are generally made 1} in. in thickness © 
and are hung on L-shaped hinges, which allow of their clearing | 
a reveal, or an outside architrave, and lying flat against the | 
wall of the house. They are secured by blind fasteners or by | 
blind adjusters. Devices are made that enable a person to | 
open or close the blinds or shutters from within the house, | 
without the necessity of opening the window, and which hold | 
the blind firmly in any desired position. A device of this kind | 
is shown at / and m. The box / contains a worm-gear that is 
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operated by turning the crank m, thus opening or closing the 
blind. 

Storm Sash.—Storm sash are sometimes provided for win- 
dows and are made generally of 14 in. thick material and are 
hung in the rabbet that is occupied by the blinds when closed. 
The blinds are either removed or left open while the storm 
sash are in place. 
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Casement Windows.—Casement windows are those that 
have sashes hinged at the sides and swinging in or out like 
doors. French windows are casement windows, having two 
sashes with meeting stiles down the center. They are gener- 
ally carried down to the floor and are high enough to be used 
as doors, Casement and French windows are difficult to con- 
struct so that rain will not beat in, but as they are very effec. 
tive from the standpoint of design, different devices have been 
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tried to make them serviceable. A fairly satisfactory detail 
of a French window is shown in Figs. 7 and 8, showing the 
most effective treatment of the sill and jamb, which are the 
weak features of these windows. The sill should be made of 
24-in. material and rabbeted and the surface curved as shown 
at b. 

This feature intercepts rain that is blown against the joint 
of the sash and the sill. If, however, water should be forced 
into the joint it would fall into a gutter, d, which is plowed 
in the sill and which is drained, in turn, through the holes c, 
which are about 3 in. in diameter and about 2 ft. apart. The 
drip mold a on the bottom raii of the sash also aids in stopping 
rain that may be blown against the bottom joint and forms 
a drip for water that washes down the face of the sash. The 
jambs instead of having straight rabbets, like those of a door, 
have semi-circular channels worked into them, as shown at e, 
into which a half-round projection on the stile of the sash 
works. The meeting stiles are designed with beveled rabbets, 
so that one sash can be opened at a time. Astragals g, are 
placed on the outside and the inside so that both shall be on 
the center. The inside astragal, if the window is to be fitted 
with Cremorne or Espagnolette bolts should have a flat sur- 
face, 12 in. in width, to receive them. 

The sash in casement windows should be made thicker than 
are used for double-hung sash, as there is more strain upor 
them due to their being hung on one side. For small case- 
ments, 12 in. is a sufficient thickness and 24 in. or more for 
large sash. 

In Fig. 7, outside mosquito screens are shown. They are 
made in two parts, like the sash, with vertical meeting stiles 
and cover the entire opening. Blinds can be used on these 
windows if shutter workers are provided as shown. 


Weather Strips.— Weather strips are made of rubber strips 
smaounted on wooden moldings, but as the rubber soon becomes 
hard and brittle these are not to be recommended. The best 
kinds of weather strips are made of strips of a non-corrosive 
metal and fitted to the sash so as to keep out wind and rain. 
‘There are several makes of these strips all of which have merit 
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Common Window Glass.—Common window glass is made 
in flat drawn sheets and has a more or less wavy appearance. 
It also has some defects, such as beads, scratches, and strings, 
which are present to some extent in all common glass. Grade 
A or quality A may have several of these defects, while grade 
B should contain fewer defects. These grades of glass are 
widely used in private dwellings, apartment houses, hotels. 
schools, hospitals, and public buildings. The defects should 
not appear in the central area of the glass, but should- be 
confined to the outer edges of the panes or lights. Window 
glass is made in two thicknesses, single-strength and double- 
strength. The weights and thicknesses of these two kinds 
are shown in the accompanying table. 


APPROXIMATE WEIGHT AND THICKNESS OF GLASS 


Weight per Thickness 

Varicty Sa. Ft. hea 

Ounces pene 
Window glass, single-thickness. . . 18.9 a 
Window glass, double-thickness. . 26.0 $ 
39.0 ts 
OngeiljvessonsecbboudsnoOecs 45.0 a3 
51.0 t 

Plate glass, polished............. 39.0 to 65.0 zs to 


Crystal Glass.—Crystal glass is a heavier sheet glass with a 
uniform, brilliant surface and uniform thickness. It is lower 
in price than polished plate glass and is used instead of plate 
glass at a considerable saving. It is used in the better grades 
of buildings and in the lower sashes of windows of dwellings 
where a better grade of glass is required. 


Plate Glass.—Plate glass is made by rolling the melted glass 


on a table to an approximately even thickness and then giving 
the surfaces a high polish. The greatest width that can be 
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tolled is 164 in. and the greatest length 260 in. A plate with 
an area of about 240 sq. ft. is about as large as can be made 
economically. The thickness varies from 3 to 3% in. Plates 
more than 75 sq. ft. in area should be at least 4+ in. thick. 
Plates over 100 sq. ft. in area should be +} in. full. Plate 
glass is also made of greater thickness for special purposes. 

Polished plate is graded as glazing quality, which may con- 
tain small bubbles, fine scratchings, etc.; selected glazing, 
which is almost free from defects and is used in high-class 
residences, show-cases, etc.; and silvering quality, which is as 
near perfect as possible and is used for making mirrors. 
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Mirrors.—Mirrors are made by two processes. The patent 
back is formed by treating the glass with two coats of nitrate 
of silver, then varnishing and painting. This kind of mirror 
will last about 10 or 12 yr. The old process consists of placing 
a layer of tin-foil on a table, and on this a thin film of mer- 
cury upon which the plate of glass is floated, and then pressed 
down by weights. The result is a permanent back. 

This method is not used much at the present time, as it is 
more expensive and the process of manufacture is deleterious 
to the health of the workmen. 


Figured Rolled Glass.—Rolled glass is made with figured or 
patterned surfaces that make it translucent, but in many cases 
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causes a better transmission of light than plain glass. This 
glass is made in various patterns, such as Florentine, maze, 
and cobweb, which are shown in Fig. 1. 

Wire Glass.—Wire glass has a wire mesh embedded in the 
body of the glass, as illustrated in Fig. 1 (6) and (¢). This 
product has a great value as a fire-retarding material. Even 
when the glass is cracked by intense heat, the fragments are 
held in place by the wire that it protects. It is furnished either 
clear or with a figured surface as shown. 

Prism Glass.—Prism glass is designed to deflect rays of 
light and direct them into rooms and buildings that do not 
obtain sufficient light through plain glass. It is generally 
made so that the prisms project from the inside or under side 
of the sheet while the other side has a plain surface. 


OUTSIDE FINISH 


Water-Table.—Before the siding is put on the sheathed 
frame of a wooden building, a water-table de, Fig. 1, is placed 
all around the structure, with its lower edge extending about 
1 in. below the sill. The water-table has the drip mold d as 
its top member, and this has a tongue f extending up behind 
the siding. The water-table serves the purpose of shedding 
the water that runs down the side of the house, away from the 
foundation walls. 

Sheathing Paper.—One or more thicknesses of heavy felt or 
resinous building paper are laid over the sheathing, and serve 
to prevent drafts from penetrating the walls, also to prevent 
the transmission of heat. Strips of this paper or felt are 
tacked to the backs of corner boards, window and door frames, 
pilasters, etc., before fastening them in place. 

Corner Boards.—Corner boards are used where a building is 
covered with siding. Where shingles are used in place of 
siding corner boards are frequently omitted. Corner boards 
consist of two strips of board put together so as to form an 
angle and are nailed to all the corners of the building and 
the siding is cut to fit in tightly between them. Pilasters are 
sometimes used in place of corner boards. 
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Siding.—When the water-table and corner boards are in 
place and the window and door frames are set, the siding is 
put on in horizontal courses over the paper. It is nailed 
through its lower edge into the sheathing and the nails are 
set, or driven so that the heads are slightly below the surface 
of the boards. After the boarding receives its first coat of 
paint these holes are filled with putty and the nails concealed 
and protected. The best woods to use for siding are white 
pine, cypress, and redwood. Yellow pine is also used but 
requires special care in painting. 
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Beveled siding, shown in Fig. 2 (a), consists of sawed and 
planed boards about 16 ft. long. It is manufactured in 4 in., 
5 in. and 6 in. widths, is 3 in. thick at the bottom edge and 
about 1 in. thick at the upper edge. This siding is put on 
with a lap, as shown, the upper board covering the lower one 
about 14 in. 

Rabbetted, or, shiplap, beveled siding is shown in (6). This 
siding has the advantage that the nails go through one edge 
only, thus leaving the board tree to expand and contract. 

Drop, or Novelty, siding, shown in (c) and (d), has a uniform 
thickness of # in. to in. and a width of 53 in. In very cheap 


276 CARPENTRY AND MILLWORK 


work the siding shown in (d) is used, which has a groove 
worked in the middle of the face in imitation of a joint. 

Shingling.—Shingles are used to cover the outside walls of 
wooden houses. They give a less formal effect than siding 
and are capable of various effects, which are produced by the 
use of fancy butts and by staining the shingles. A shingled 
wall is slightly more expensive than one covered with siding, 
but it generally forms a more weather-proof covering. 
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Yeneered Buildings.—Frame buildings are often veneered 
with a 4-in. wall-of brickwork as shown in Fig. 3 (a), (b), and 
(c), or with a 3-in. or 4-in. wall of terra-cotta blocks which 
may be stuccoed, as shown in (d). In such cases, the frame 
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of the building should be set back from the face of the founda- 
tion wall as shown in (d). An air space of 1 in. should be 
left between the masonry veneering and the sheathing boards. 
Anchors are used as shown to tie these veneering walls to the 
studs or sheathing boards. Sheathing paper applied to the 
boarding, as shown in (a) and (6), adds greatly to the comfort 
of the house. 

Eaves and Gutters.—Metal gutters, or eaves troughs, are 
generally made of galvanized iron and have a semi-circular 
section with rolled edges as shown in Fig. 4. They are hung 
from the eaves by means of adjustable hangers, which can be 
regulated to form a pitch. From the fact that they cannot be 
hung level, they detract from the appearance of the eaves, 
When made with a molded 
front and with a false bottom 
by which the pitch is formed, 
they can be used so as to give 
a satisfactory effect. 


Cypress gutters are made of logs of cypress in which a channel 
is formed having a suitable pitch. They are spiked to the 
ends of the rafters and are very durable. The front edge is 
molded so as to form the upper member of a cornice so that 
other features of a cornice can be added below, as shown in 
Fig. 5. Where the length of gutter required exceeds 16 ft. 
two or more lengths are butted together and the joints covered 
with sheet metal. 

In Fig. 6 is shown a strong and durable box gutter suitable 
for either a frame building or for a brick or stone structure, 
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having a wooden cornice. A series of lookouts are nailed to 
the wall studs (or built into the brickwork or stonework), 
forming a solid has. for the cornice and gutter. The width 
of the lookouts may be varied, to obtain the grade for the 
gutter bed, or it may be uniform, strips being nailed to the — 
upper edges of the pieces. On a gable roof, the cover-plate 
over the crown mold should be kept in line with the sheathing 
on the roof slope. In lining this gutter, if a strip of hoop iron 
is tacked to the fillet of the crown mold, with its lower edge 
kept } in. below the mold, the lining may be tightly clasped 
over the strip, and face-nailing dispensed with, thus making a 
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neat and durable job. The lining should pass behind the eave 
mold, but need not be carried up the slope. The end of the 
gutter is closed at the gable, so that the crown mold can run 
up the fascia and be continuous. The usual practice is to 
leave a space of from 4 in. to 6 in. between the closed end and 
the fascia of the gable. 


Leaders.—Leaders or conductors, carry the water away 
from the gutters. They are hung against the walls of the 
building and are generally made of galvanized iron or copper. 
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A leader with a circular section is a poor one to use in a climate 
where severe freezing occurs. It is apt to be filled with ice 
and burst as its circular section does not permit of its yielding. 
A leader with a corrugated or rectangular section yields to 
pressure by changing its shape, thus avoiding rupture. 

Leaders are often provided 
with ornamental heads, as ain 
Fig. 7, and bands, as bin Fig. 
8, which are formed of sheet 
metal. The water is conveyed 
into the leader through a 
goose-neck c, Fig. 7. 

The proper sizes of leaders 
will vary with the climate and 
the rain fall. A safe rule is to Fie. 8 
allow 1 sq. in. of sectional area 
of leader pipe for every 75 sq. ft. of flat roof area. No leaders 
should be less than 2 in. in diameter. 


Porches and Piazzas.—Where the floor of the piazza is of 
wood, the joists supporting it should be framed parallel to the 
house so that the floor boards may be laid at right angles to 
the house and have a pitch of at least % in. to the foot. The 
joists are supported on girders that rest on the foundations of 
the house and upon piers of brickwork or stonework under the 
front of the piazza. A fascia a, Fig. 9, is carried around the 
front of the piazza covering the floor framing. The edge of 
the floor extends over this fascia and is finished with a semi- 
circular profile, called a nosing, under which a cove or other 
molding is placed. The spaces between the piers from the 
under side of the tascia to the ground are usually filled in with 
a screen, or lattice, generally formed of wooden strips. enclosed 
in frames as at b. 

The posts, columns, cornices, balustrades, and other features 
of the piazza depend for their form on the style of design of 
the building. When a Gothic effect is desired details like those 
shown in (a) may be used. The posts may be square and the 
sharp corners beveled off forming chamfers, as at c. This 
chamfer, which does not extend the full length of the post 
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{\ut is stopped at given points, is called a stop-chamfer. The 
rafters and plate may be decorated with stop-chamfers and the 
ends of the rafters may have scroll-sawed ends, as at d. The 
zvoof boards are shown nailed to the tops of the rafters with 
the face side down. They should be thick enough to take 
the nails that hold the roofing material, which is nailed directly 
to the roofing boards, and not have tue points of the nails 
come through the exposed face. 

The railing consists of the top rail e, the bottom rail g, and 
the balusters 7. The rails are designed with a slight wash or 
slope on the upper surfaces. Top rails are sometimes made 
wide enough to form a shelf or seat 6 in. or 8 in. in width. 
The bottom rail where the posts or columns of the piazza are 
far apart should be supported on blocks h resting on the floor. 

For ordinary buildings, stick balusters made of j in. stuff 1} 
in. or 13 in. wide, are frequently used. 
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In buildings designed in the Renaissance or Colonial styles, 
columns and entablatures are used, as shown in (b) and (c). 
The flat roof shown is formed by the roof beams or rafters ?, 
which extend from the house to the plate / which rests on the 
girders m. The girders are supported on dowels on the columns 
as shown in Fig. 10. The boarding w, Fig. 9, is nailed on top 
of the rafters, upon which furring u is first nailed to form 
the pitch, and ceiling boards v, 3 in. thick, are nailed on the 
under side to form a finished ceiling. The entablature is 
formed as shown and supported by the necessary blocking 
or furring. 
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A balustrade » is frequently built around the roof of the 
piazza witb newels 0, top rail p, bottom rail g and either stick 
balusters 7, or turned balusters s. The juncture of the newels 
with the roof should be carefully flashed. 

The columns 7 and k, are generally built up, when more than 
6 in. in diameter, as they are liable to check or crack if made | 
solid. There are several concerns thst make a specialty of 
manufacturing built-up, or lock-. 
joint columns. These columns are 
built wp of staves or strips, as 
shown in Fig. 10, 2-in. stock being 
used for columns up to 16 in, in 
diameter. They are made plain or 
with Doric or Ionic fiutings. The 
_ Shafts of the columns are turned 
> with a fillet at the top and the 
bottom and with an entasis, or 
* swelling, characteristic of the order. 
The columns are fitted with wood 
or composition capitals, Fig. 11, 

Fic. 12 which fit around the dowels. Upon 

the dowels, the roof structure of 

the porch is supported. Composition capitals are generally 
made of a fibrous.composition that will stand the effects of 
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weather better than wood. The tops of capitals, however, 
should always be well flashed. 

The bases of columns and posts resting on the floor of the 
porch will, in time, decay on account of moisture finding its 
way beneath them. A device for avoiding this result is 
shown in Fig. 12. It consists of four metal buttons, a, with 
dowels, that are let into the under siae of the base and into 
the floor, and keep the base free from the floor. Another 
method is to make the square part of the base of metal as 
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Where the floor of a porch or piazza is close to the ground, it 
is cften made of masonry and finished with cement, brick, 
or tiles. 

Piazzas are often enclosed with sash and used as sun rooms, 
and are sometimes provided with fireplaces. In summer, the 
sash are removed and where necessary the piazzas are enclosed 
with mosduito screens. 

Flagpoles—For a flagpole extending from 30 to 60 ft. 
above the roof, the following proportions give satisfactory 
results: ‘Lhe diameter at the roof should be made #5 the height 
above the root, and the top diameter 4 the lower. To profile 
the pole, divide he height into quarters; make the diameter 
at the first quarter 7%; at the second quarter, 3; and at the 
third quarter, 2 of the lower diameter. Thus, if a pole is 41 
ft. 8 in. higu above a roof, the lower diameter is go of 41 ft. 
8 in., or 10 in.; that of the first quarter, 93 in.; the second, 
82 in.; the third, 74 in.; and the top, 5 in. 

Flagpoles may be made of spruce or pine; Oregon pine is 
preferable, and where the entire sap-wood is removed by 
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cutting the pole out of the heart of a large trunk, a durable 
pole is obtained. The pole should be painted with at least 
four coats of white lead, and should be capped by a suitable 
finial,terminating in a gilded ball. Halyards should be at 


least } in. in diamete.-and be of waterproofed, braided cotton, _ 


or Italian hemp. 
INSIDE FINISH 


JOINTS IN MILLWORK 


A beaded joint, shown in Fig. 1 (a), is one disguised by a 
quirked bead that is worked on one edge; this joint is used in 
matched lining, etc. 


Butt joints, shown in (6), (c), and (d), are used for returns, | 
when one piece is fitted to the edge of another, and may be 


trabbeted, matched, or plain-butted, as required. 

The feathered or slip-tongue joint shown in (e), formed by 
plowing corresponding grooves in adjacent pieces and filling 
them with a slip tongue, or spline, is generatly employed for 
plank flooring. 

A grooved, tongued-and-mitered joint, shown in (f), possesses 
the qualities of strength and effectiveness, and no edge grain is 
exposed. 

The half-lap dovetail joint, shown in (g), is a form in which 
the dovetails appear only on one side, and is the method 
adopted for drawer fronts. 

The lapped-and-tongued miter joint, shown in (h), is 
somewhat similar to the joint shown in (f), but a slip tongue is 
inserted instead of being worked out of the solid + aterial. 

A lapped miter joint, shown in (i), is made by rabbeting 
and mitering the boards to be joined, and lsecuring them 
with nails. 

A miter-and-butt joint, shown in (7), is a good form for an 
angle joint and is simpler than the joint shown in (i). 

A miter-keyed joint is a miter strengthened by a slip 
feather, as in (k), or with slips of hardwood fitted into saw 
kerfs, as in (). 

A rabbeted joint, shown in (m), is formed by cutting rec- 
tangular slips out of the edges of the boards toa deptigenerally 
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equal to one-half of their thickness, the tongues thus formed 
being lapped over each other. 

A tule joint, shown in (), is a hinged joint used for the leaves 
of tables, etc. 

Beveled joints, shown in (0) and (pf), are formed to close 
tightly and exclude the wind and water. 

The blind dovetail joint, shown in (gq), used for boxes and 
cabinets where the dovetails are not to show, is made by dove- 
tailing three-fourths of the thickness of the board and mitering 
the other fourth. 

Mortise-and-tenon joints, shown in (7), and double-tenoned 
joints, shown in (s), are used in framing doors together. The 
parts a are called haunches. 


DOORS 


Proportions.—The ratio between the width and height of 
doors at main entrances and in public buildings is usually as 
1 to 2; that is, the height is twice the width. Foz single doors 
in dwellings and offices, the ratio should be as 1 to 23; or the 
height should be 234 times the width; doors 2’ 8’’*6’ 8” and 
3’X7’ ©”, are thus proportioned. 

The width of a door is regulated by the purpose for which 
it is intended: in public buildings, provision is made for the 
passage of seveial persons at a time; in private houses and 
offices, a width suitable for one person is sufficient. In the 
former case, the width may be from 6 to 14 ft., while in the 
latter, the general rule makes the minimum width 2 ft. 8 in. 
for communicating doors, and 2 ft. for closet doors. ‘ hinged 
door more than 4 ft. wide should be made double; that is, in 
two folds. As double folding doors take up considerable 
wall space when kept open, sliding doors are frequently sub- 
stituted. Where there are several doors of different widths in 
the same room, to give a better effect to the interior treat- 
ment the height of the principal doors should be fixed by the 
proportion given, and the others made the same height. If 
the width of double or sliding doors does not exeed 6 ft., the 
height may be that of principal doors, but if wider, the height 
should be one-fourth more than the width. The width of 
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sliding doors, however, is largely regulated by the depth obtain- 
able for the pocket in the partition. 

The width of the stiles and top rail should be about one- 
seventh the width of the door, the bottom rail about one-tenth 
the height, and the mun- m 
tins and lock-rails 4 in. | 1K 
less in width than the 
stiles. The thickness will 
depend somewhat on the 
size, the style of finish, 
and the class of lock to 
be used. If the door 
framing is solid and rim 
locks are used, the thick- 
ness for chamber doors 
may be 1} in.; if mortise 
locks are used, the thick- 
ness should not be less AM 
than 13 in. Solid doors i 
for principal rooms are 
made from 12 in. to 2 
in., and entrance and lic 
vestibule Goors from 2% 
in. to 24in,. thick. When a 
Coors are *eneered, the 
ti. ckiess is usually in- 
creassd tir. 

Wr uu iportise locks id 

Ds 


areuc~ the doors should, 

for engin, be framed 
with a lock panel sothat mm 
thes joints. adiacent to 

the lock wil’ ‘not be 
injured 


Mortise-and-Tenon Doors.—The mode of constructing a 
five-paneled solid door is shown in Fig. 2, the moldings and 
certain parts being removed to show clearly the joints. The 
parts marked a are the outer stiles; b, the muntins; c, the bottom 
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rail; d, the lock-rails; e, the top rail; f, the lower panels; g, the 
lock-panel, and h, the upper panels. The mortises 7 are made 
one-third the thickness of the framing into which the tenons j 
are fitted..._The edges of the framing are grooved } in. deep, 
to receive the panels, the width of the groove being the same 
as the thickness of the tenon. The upper edge of the tenons 
of the top rail and the lower edge of the tenons of the bottom 
rail are haunched, as shown at k. The bottom rail has double 
tenons with a bridge between the mortises. The muntins 
are mortised into the rails. The panels should be kept from 
4 to 3 in. less than the width of the space between grooves, 
to permit expansion. 

In putting the door together, only the shoulder, or that 
portion of the tenon next the panel, should be glued, so that 
in case of shrinkage or swelling the joints will remain close. 
When the stiles are driven up and the clamps applied, the 
wedges 7 should be well fitted, should have the edges next the 
tenons brushed with glue, and be driven in tightly. The 
horns m, or extra lengths of the stiles during construction, 
are designed to withstand the pressure exerted when the end 
wedges are driven in. These would otherwise be forced out 
by shearing the fibers of the wood beyond the mortise, thus 
destroying the joint. 

Dowel Doors.—Stock doors are usually made with dowels, 
as shown in Fig. 3, instead of with tenons. The rails can be 
made of shorter lengths. 

Built-up Doors.—When a better grade of door is desired, it 
is built up as shown in Fig. 4, which is a section of the stiles 
and rails around the outer edges of the door. These stiles 
and rails are built up of several strips of clear white pine in. 
thick, glued together, which form the core. The outer edges 
of the door are covered with a }-in. strip e of the same wood 
that is used for veneering the door. The thickness of this 
strip permits of planing the edges of the door so that it may 
fit into the jambs, without exposing the pine core. The 
veneer d is 4 in. to } in, thick and is glued to the core. Strips 
of wood b are glued into the cores of all rails, stiles, and muntins 
to provide proper bearings for the moldings c, which are glued 
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or nailed to them. The panels f should be built up of five 
plies of veneering, each layer having its grain at right angles to 
that of the adjacent layer. The panels are made slightly 
smaller than the space enclosed by the strips and should not 
be nailed or glued in place but left free to swell or shrink. 
Panels should be filled and varnished, or painted before being 
set in place, or they may 
shrink later on and show 
edges of unfinished wood. 
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Certain firms make a specialty of manufacturing patented 
built-up doors. The patents apply to the method of inter- 
locking or dove-tailing the strips of the core together and of 
dovetailing the veneer to the core, thus increasing the glue 
surfaces and preventing the veneer from peeling. These doors 
are made in great quantities and it is often advantageous to 
order a certain make of door in building a house. 

Doors, whether solid or veneered, should not be exposed to 
dampness, nor should they be hung or stored in a building where 
the plaster has not thoroughly dried out. Veneered doors 
should not be used as outside doors unless well protected by a 
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porch or piazza. Veneered doors should be filled or painted 
as soon as they arrive at the building. 

Outside Door and Frame in Masonry Wall.—In Fig. 5 (j) is 
shown a detail drawing of a door and door frame in a masonry 
wall. The frame a, which is generally set when the building 
is nearly finished, is made somewhat smaller than the masonry 
opening. It is then blocked with rough lumber or studs 5, 
which are securely fastened to the wall and support the 
frame. 

The frame is double-rabbeted to take the main door on the 
inside and a mosquito door on the outside. The staff bead ¢ 
forms a finish for the corner and should be fitted tightly against 
the masonry jambs to make a weather-tight joint. It is fre- 
quently made with a quirk d, which conceals the joint with the 
masonry. The inside trim, or architrave, is shown at e. A 
transom sash, which is a commori feature over outside doors, 
is shown at f; the transom bar g forms the head of the door and 
the sill for the transom sash. 

The door h is shown with heavi. molded panels on the out- 
side and with a lighter molding on the inside panels, which 
will correspond with the moldings of the interior doors. The 
outside moldings z are called raised moldings, as they project 
beyond the face of the door. The interior moldings 7 are called 
flush moldings because they do not project beyond the face of 
the door. The panel k is known as a raised panel on account 
of its having a raised face worked on it, whereas a plain panel 
is of uniform thickness throughout. 

A drip mold / is set into the bottom rail of the door to pro- 
tect the joint with the sill from wind and rain. The stone sill 
m has a saddle worked in it which projects above the floor level. 
Ordinary wooden saddles used with interior doors and exterior 
doors with wooden sills are shown in (hk). A metal saddle is 
shown in (i). 

Outside Door and Frame in Frame Wall.—In Fig. 5 (@) is 
shown a detail of an outside door and frame such as is used in 
a frame building. The frame a is rabbeted on the inner edge 
to receiye the door and a rabbet is formed on the outer edge 
to receive a screen door by setting the outside architrave bac 
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from the face of the frame 4 in. as at b. The sill ¢ is of wood 
and has a saddle worked on its inner edge. 

In (6) are shown sections of frames for inside doors in 6-in. 
partitions, The stop a is let into the face of the jamb, and the 
stop c is nailed to the surface of the jamb, though it may be 
secured to the jamb by adjustable screws. At d the frame is 
shown with a rabbet worked in the jamb to take the door in 
the customary manner. 

Double-Acting Doors.—In Fig. 5 (¢) is a double-acting door 
and frame. The door is hung on double-acting spring hinges. 

In (d) is shown a double-acting door operated by a double- 
acting spring floor hinge, which is let into the floor as shown 
in (e). At the top of the door, a plain pivot is used. 

Doors in 2-In. Partition.—A method of trimming a door in 
a 2-in., solid, plaster partition is detailed in Fig. 5 (f). The 
buck or rough frame a, is fastened to the angle iron uprights 
of the partition and the door frame is secured to the buck. 

Doors With Glass Panels.—In Fig. 5 (g) is detailed a section 
through the side rail of a door with a glass panel surrounded by 
a raised molding. The molding is divided on one side of the 
door and the glass is held in position by nailing the small por- 
tion of the molding in place. 

Sliding Doors.—Sliding doors differ from ordinary doors 
chiefly in the method of hanging them. Generally they are 
hung with overhead hangers, which are secured to the top of 
the door and run on a single steel track. Sometimes, they are 
hung on adjustable hangers, with roller or ball bearings, that 
tun in tubular tracks, as shown at a, Fig. 6. Frame parti- 
tions for sliding doors are from 10 in. to 13 in. in thickness, 
depending on the thickness of the doors and the sizes of the 
studs. If the partition is not a bearing partition, the studding 
at b and ¢ may be 2 in. in thickness. If, however, the parti- 
tion supports floorbeams or a partition above, the studding on 
one side of the partition is made 4 in. in thickness, as shown at 
Ga 

The pockets, into which the doors slide, should always be 
lined, as shown at d, so as to keep out dirt and plaster; they 
should also be provided with a back piece k against which the 
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door may strike. The doors should be provided with rubbing 
strips e, which are applied to the four edges of the door on both 
sides, so that the door cannot rub against the stops. The 
stops f should be applied to the jambs and head and be adjust~ 
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able. A special joint g is formed at the meeting stiles. The 
edge of one door is let into the edge of the other door so as to 
preserve the alinement of the doors when closed and so that 
there shall be no opening between them. A cast-iron guide h 
is screwed to the floor just inside the pocket and works in a slot 
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formed in the bottom edge of the door 7; this keeps the doors 
from swinging sidewise. 

Sliding doors are usually designed in pairs, but a single door 
may be made to slide in the same manner as double doors 
when the jamb on the side opposite a single pocket is made as 
shown at 7. 

Fitting Doors.—The width of a swinging door should be 
about 3 in. less than the width between the jambs, allowing a 
clearance of about 3 in. on each side, and the opening edge 
should be slightly beveled. The standard bevel to which locks 
are made is # in. in 2} in., but where the door is narrow, it 
may require the lock-face beveled to as much as } in. in 2 in., 
or even more. An equal clearance should be left at the upper 
rail, while the bottom rail may require from } in. to 3 in., in 
order that the door may swing clear of the floor covering. If 
saddles are used the door should clear the saddle by about 
gy in. 

Butts.—A simple rule for finding the width of butt required 
for any door is as follows: 

Rule.—To twice the thickness of the door, less 4 in., add the 
greatest amount of projection of any part of the door casing beyond 
the face line of the door (which is usually the base block). 

Tkus, if a door is 2 in. thick, and the base block projects 1% 
in., the width of the butt will be 2 in.+2 in.—} in.+1{ in. 
=52 in., in which case a 5% in. width would be used. The 
edge of the butt will thus be kept } in. back from the face of 
the door. One-half of the thickness of the butt should be cut 
out of the door, and one-half out of the jamb of the frame. 

In locating the butts, it is usual to keep the lower end of the 
lower butt in line with the upper edge of the lower rail, while 
the top end of the upper butt may be kept from 6 to 7 in. 
below the upper edge of the top rail. Where three butts are 
used, it is well to keep the lower end of the intermediate butt 
in line with the upper edge of the lock-rail, instead of placing 
the butt midway-between the upper and lower butts, as the 
butts will then line up with the framing. By keeping the pin 
of the lower butt slightly in advance of the upper butt, the 
door, in opening, will rise at the toe and increase the clearance, 
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so that inequalities in the floor level may be overcome. For 
first-class working doors the following conditions must be 
observed: (1) The floor must be level in every direction. (2) 
Both jambs of the door frame must be accurately plumbed, 
facewise and edgewise, else the toe of the door will either rise 
above or fall toward the floor when operated. (3) The head- 
jamb, or transom, as the case may be, must be level. (4) The 
butts must be of good quality, well-fitted, and the pins kept 
true to line. 
TRIM 


The finish of doors and windows is called the trim, casings, 
or architraves. The simplest form of casing consists of a board 
4 to 6 in. in width and mitered around the opening. The 
finish of doors and windows is capable of very elaborate treat- 
ment in which columns, pilasters, cornices, and pediments are 
used and in which elaborate carving may be employed. A 
few casings are shown in Fig. 7. 

The casings shown in (a), (6), and (c) are used for mitered 
effects such as are shown in (f) and (z). In (a) the casing is 
made of a single strip of wood and the back is plowed out in 
order to prevent warping and twisting. The trim of a door is 
generally set back from the face of the door frame about } in., 
as at a, so that the butt, or hinge, when let into the face of the 
jamb will not cut through the trim. 

In (0) is a casing that is built up of three pieces, the piece 
a being called the back band. The flat member of the trim is 
let into the back band and a molding is planted in the corner. 
This construction permits the use of thin stock in making the 
trim, which is an economy, and the wood is not apt to curl 
or warp. 

In (c) a similar trim is shown having a back molding set 
against the back band and scribed against the face of the 
plaster. The back molding is often carried around the trim 
of a door or window and across the top of the chair rail, base 
or wainscoting. 

Casings, sometimes called pilaster casings, are shown in (d) 
and (e). They are generally used with corner blocks, as 
shown in (g). The casings are butted against the blocks and 
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are sometimes joined together by means of round dowels glued 
in, as shown at n. 

Mitered casings made of one strip of wood are generally 
mitered together as shown in (i). A hardwood spline, or 
tongue, m should be inserted into grooves cut in the ends of 
the casings by a circular saw. The spline should be set with 
the grain at right angles to the miter cut and glued in place. 
When the trim is built up of two or three pieces, as in (6) or 
(c), the joint is best made by butting the flat face of the casing 
and mitering the moldings as in (f). This method of joining 
casings prevents the opening up of the joint due to shrinkage, 
which is so common with plain mitered joints. 
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Among other forms of casings, or trim, is that shown in (h), 
which consists of pilaster casings on the sides of the opening 
and a simple form of entablature over the head. This entab- 
lature is formed of a plain board with a small mold bradded or 
glued to the face and a small cornice molding mitered around 
the top. This form of trim is known as a cabinet trim. 

In the details of windows previously given are shown exam- 
pies of window finishes. Where the wall is thin, the casing is 
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stopped on a stool with an apron and bed mold below. Where 
the wall is thick, as in masonry walls, jamb casings are required 
to fill the space between the box and the face of the plaster. 
When the casings are carried to the tops of plinth blocks, the 
trim is like that of a door. 

Where the wall is very thick, the part under the window 
frame and between the jambs of the masonry opening is 
sometimes made thinner and the recessed surface under the 
window frame is paneled as shown in Fig. 8. The jamb 
casings and the trim of the window extend to the floor. The 
paneled surface a is called a panel back. 

Plinth blocks are placed at the bottoms of casings as shown 
in Fig. 7 (j) and (k). This treatment is generally used with 
door casings and with the casings of windows that are carried 
to the floor. The use of plinth blocks avoids the necessity of 
carrying the fine moldings of the casing to the floor, where 
they are apt to be filled with dirt, and provides a sufficient 
thickness of material to receive the base. Plinth blocks are 
usually shaped to match the profile of the casing, and in Fig. 7 


the sections of casings in views (a), (0), etc. have profiles of 
plinth blocks shown on them. 


BASES 


Bases, base boards, or skirtings are boards fitted against the 
walls at their intersection with the floor. In closets and unim- 
portant rooms, the base consists of a }-in. board with a simple 
molding on top, as in Fig. 9 (a). A quarter-round molding b 
is frequently fitted into the angle of the base and floor so as 
to conceal the crack that will appear if the base shrinks. 
Where there is a double floor, the base is set before the finished 
floor is put in place and the floor is fitted against the base as 
shown in (a), (6), and (c). 

In (b) is shown a more elaborate base formed of a molded 
board with a rich molding rabbeted on top. A still more 
elaborate base, consisting of three pieces, is shown in (¢). 
Suitable grounds are shown for nailing these various bases in 
place. The base is sometimes sawed lengthwise through about 
one-half of its thickness, as shown at a@ in (6), to prevent 
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warping and twisting. Housekeepers object to bases with pro- 
jecting moldings as they catch dust; it is therefore desirable 
that the moldings should have as slight projections as possible. 


CHAIR RAIL 


A molded band, or chair rail, a, Fig. 10, is sometimes applied 
to plastered walls to prevent the backs of chairs from marring 
the plastering or papering. It should be about 4 in. or 5 in. 
in width and should be placed about 3 ft. above the floor: 
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the projection should be less than that of the door and window 
casings against which it runs. Suitable grounds b should be 
provided for nailing the chair rail to the wall. 


WAINSCOTING 


The wall is sometimes covered for its whole height, but more 
often to the height of 3 ft. or 4 ft., with a wainscoting. This 
wainscoting may be made of marble or wood and in its simplest 
form consists of matched boarding crowned with a simple cap 
mold, Fig. 12. The matched boarding may have a V-joint as 
shown in Fig. 11 (a); a beaded joint as in (b); or a molded face 
like that shown in (c). This boarding, which is also called 
ceiling, is nailed to grounds by blind nailing in the same man- 
ner as flooring. By other treatments of the faces of the 
boards, various interesting effects may be obtained. A cap 
mold a, Fig. 12, is always placed on top of the boarding and is 
scribed to fit closely against the plaster wall. The cap should 
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not, as a rule, project beyond the casing. A base c, d is some-~ 
times run around the bottom. 

Paneled wainscoting should be constructed with the same 
care as is used in making doors. In the best work the rails 
and stiles are veneered and the panels made up of five thick- 
nesses of veneer. The panels are glued up with the grain of 
one layer at right angles to the grain of the next layer. Paneled 
wainscoting should be put together at the shop and brought 
to the building in lengths ready to fit into position. Fig. 13 
shows a detail of a paneled wainscoting with the cap a and a 
small molding 6 let in to form a frieze. At c isa rail, at d the 
stiles, and at e the bottom rail with a base f. The panels 
should be put in, as 
shown in Fig. 14. The 
molding a is glued to 
the stile, or rail b, which 
is rabbeted to receive it. 
The panel, having been 
filled and varnished or 


® 
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painted, is set in from the back and secured in place by means 
of strips of wood nailed to the stile. The panels should not 
be glued or nailed in place, but left free to swell or shrink. 
The plastering behind the wainscoting should be kept free 
from the wainscoting. This is accomplished by omitting the 
finishing coat and sometimes the brown coat of plastering. 


INSIDE CORNICES AND PICTURE MOLDINGS 


Cornices of wood, such as are shown at a Fig. 15, are fre- 
quently used. Where false beams, such as shown at }b, are 
used, they are so designed that the lines of the moldings will 
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correspond with the lines of the cornice and will miter or can 
be coped together. 

A picture molding is shown at c, which is one of a number 
of forms that are made. 


MANTELS 


Mantels may be especially designed or selected from the 
catalogs of manufacturers. They are made of wood, marble, 
stone, and imitation stone. Wood mantels are made of the 
same wood and finish as the trim of the room, and may be of 
hardwood with natural finish or of soft wood painted or enam- 
eled. Marble and stone are used for expensive mantels in 
which carving is employed; field stone is used where a rustic 
effect is desired. Mantels modeled after fine examples are 
cast in artificial stone and are shown in the manufacturers’ 
catalogs. 


STEEL SQUARE 
DESCRIPTION 


The standard steel square is shown in Fig. 1 and consists of 
two parts: the blade or body, which is generally 24 in. long 
and 2 in. wide; and the tongue, which is usually 18 in. long and 
134 in. wide. The outside edges on one face are divided into 
inches and sixteenths, and on the other face the inches are 
divided into twelfths. On the inside edge, the graduations 
are to eighth inches on one side and to thirty-seconds on the 
other. 

On the tongue, near its junction with the blade, Fig. 1 (b), 
is a diagonal scale (shown enlarged in Fig. 2), used for taking 
off hundredths of an inch. The line ab is here 1 in. long, and 
is divided into 10 parts; the line cd being also divided into 10 
parts, diagonal lines are drawn connecting the points of 
division as shown. For example, to take off .76 in., count off 
seven spaces from c, cg equaling .70 in.; now count up the 
diagonal line until the sixth horizontal line ef is reached; then 
ef is equal to .76 in. 
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On the same side of the tongue is the brace scale C, Fig. 1 
(b). This scale gives the length of a brace of given rise and 
run, or, in other words, the length of the hypotenuse of a 
right-angled triangle with equal sides. For instance, the 
hypotenuse of a triangle each of whose sides is 57 in., is 80.61 
in. The length and end cuts for a brace of any rise and run 
may be found by using the square in a similar manner. 


On the blade, Fig. 1 (0), is shown the board-measure scale, 
the use of which will be explained by aid of an example. Let 
it be required to find the number of board feet in a 1’/’X7’’ 
board, 13 ft. long. Under the 12-in. mark, find the number 
13, and follow the horizontal space in which 13 is found to 
the 7-in. mark; the answer is there found to be 7x2 ft. B. M. 
If the board is over 1 in. thick, the problem is solved in the 
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same way, the result being multiplied by the thickness in 
inches. — If the length of the board is greater than any number 
given under the figure 12, it should 
be divided into parts, as in the 
following example: Required the 
contents in board measure of a 
2”’x9" plank, 23 ft. long. Divide 
the length into two parts, 10 ft. 
and 13 ft.; the contents of the 
10-ft. part is found, as before 
shown, to be 73% ft. B. M.; that of 
the 13-ft. board, is found to be 9% 
ft. B. M. Therefore, the total, 
contents (if 1 in, thick) is 7%+ 
9%=17% ft. B. M.; but as the board is 2 in. thick, the con- 
tents are 2X 17¥;= 344 ft. B. M. 

The octagonal scale, found on the tongue at AB, Fig. 1 (a), 
is used in inscribing an octagon in a square. The scale is 
marked 10, 20, 30, etc. To inscribe an octagon in a 12-in. 
square (see Fig. 3), draw the lines ab and cd, bisecting the 
sides; from d mark de and df, each equal to twelve divisions 
on the octagonal scale; mark bg, etc., in the same way, and 
draw eg, a side of the required octagon. The other sides may 
be similarly found. For a 10-in. square, make de equal to ten 
divisions; for a 7-in. square, equal to 7 divisions, etc. 
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In Fig. 4 (a) is shown an adjustable fence, a strip of hard- 
wood about 2 in. wide, 14 in. thick, and 23 ft. long. A saw 
kerf, into which the square will slide, is cut from both ends, 
leaving about 8 in. of solid wood near the middle. The tool 
is clamped to the square by means of screws at convenient 
points, as shown. Let it be required to lay out a rafter of 
8 ft. rise and 12 ft. run. Set the fence at the 8-in. mark on 
the blade, and at the 12-in. mark on the tongue, clamping it to 
the square with 11-in. screws. Applying the square and fence 
at the upper end of the rafter, gives the plumb-cut de at once. 
By applying the square, as shown, twelve times successively, 
the required length of the rafter and the foot-cut cb are obtained. 
In this case the twelve applications of the square are made 
between the points c and d. Run and rise must also be meas- 
ured between these points. If run is measured from the point 
b, which will be the outer edge of the wall plate, it will be 
necessary to run a gage line through 6 parallel to the edge of 
the rafter, and subtract a distance eg from the height of the 
ridge, to give the correct rise. The square must then be 
applied to the line bg. A rafter of any desired rise and run may 
be laid off in this manner by selecting proportional parts of the 
rise and run for the blade and tongue of the square. For a 
half-pitch roof, use 12 in. on both tongue and blade; for a 
quarter-pitch, use 6 in. and 12 in.; for a third-pitch, use 8 in. 
and 12 in., etc. 


USE OF STEEL SQUARE IN ROOF FRAMING 
INTRODUCTION 


In treating of the uses of the steel square, special considera- 
tion should be given to its usefulness in roof framing, to which 
class of work it seems particularly adapted. The several 
members of the roof will be considered separately, showing in 
each case the more common methods of obtaining the lengths 
as well as the cuts by the use of the steel square. These 
methods are applicable to a true hip roof, that is, one in which 
the hip or valley lies at 45° with the plates when shown in 
plan. 


ae 
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The constant 1.4142 plays a very important part in laying 
out roof framing. For instance, if the diagonal of 12 in. and 
12 in. is-1.4142 ft. or 16.97+in., the diagonal of any other 
equal distances at right angles may be found by multiplying 
one side by 1.4142, if the measurement is in feet, and by 
16.97 if it is expressed in inches. The figure 17, however, is 
here used instead of 16.97. This may be better understood 
by referring to Fig. 1, where ABCD represents the end of a 


Eres 


Lip roof 24 in. wide. When the run of the hip EB is revolved 
into the plane of the common rafter EA, the distance EF will 
be 16.97 in. or practically 17 in. 


COMMON RAFTERS 


Finding Length of Common Rafters.—The length of common 
tafters for shed, gable, hip and valley roofs may be found by 
the following methods: 
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First Method.—Multiply the diagonal, or bridge, measure 
of 12 in. and the rise per foot of run of the common rafter, in 
inches, by the run of the common rafter, in feet. For example, 
in a ¥-pitch roof, that is one having a rise of 10 in. in 12 in. 
and a 20-ft. span, the run of the common rafter is 10 ft. The 
bridge measure of 10 in. and 12 in. is 15.62 in. The length of 
the rafter is therefore 15.62 10=156.2 in., or practically 13 
ft. Ifa 2-in. ridge board is used multiply 15.62 by 914. 

Second Method.—Lay off the total run on the blade of the 
Square and the total rise on the tongue of the square, consider- 
ing the feet as inches. Measure the diagonal, or bridge meas- 
ure, in inches and read it as in feet. Thus, illustrating with 
the same 3%-pitch roof, the total run is 10 ft., and the total rise 
is 100 in., or 834 ft. The bridge measure of 10 in. and 8y% in. 
is 13in. Therefore, the length is 13 ft. 

If the ridge board is 2 in. thick, a portion of the rafter equal 
to one-half the thickness must be cut off. In practice, instead 
of making the two-cuts at the top of the rafter, allowance is 
made for the ridge board and the rafter is cut to the proper 
length by one cut. 


Cuts for Common Rafters.—The cuts for common rafters 
are found by the following methods: 

First Method.—To obtain the foot-cut, or cut at the foot of 
the rafter, take 12 in. on the body of the square and the rise 
in inches per foot of run on the tongue. Lay the square on 
the rafter with these marks on the upper edge and with the 
12-in. mark at the lower end of the rafter. Cut along the body 
of the square. 

To obtain the plumb-cut, move the square so that the mark 
on the tongue is at the upper end of the rafter and cut along 
the tongue of the square. 

Second Method.—Take the total run and rise of the rafter. 
Xn feet, and consider them as in inches on the square and 
proceed as in the first method, 
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HIP AND VALLEY RAFTERS 


Finding Length of Hip and Valley Rafters.—The lengths of. 
hip and valley rafters may be obtained by any of the follow- 
ing methods: 

First Method.—Multiply the bridge measure of 17 in. and 
the rise per foot run of the common rafter, in inches, by the 
run of the common rafter, in feet. For example, take the 
case of the roof already considered. Laying off 17 in. on the 
body of the square and 10 in. on the tongue, the bridge meas- 
ure will be 19.7 in. The length of the hip or valley rafter is 
then 19.7 X 10=197 in., or 16 ft. 5 in. 

Second Method.—The length may be found by taking the 
diagonal! of the run of the hip or valley and the total rise. 
The run of the hip is obtained by taking the run of the common 
rafter on both the tongue and the body of the square, and 
measuring the diagonal. For example, calling the feet inches, 
lay off 10 in. on the tongue and 10 in. on the body of the 
square. Measuring the diagonal and calling the inches feet, 
the result is 143% ft. nearly, which is the run of the hip or 
valley. Again considering the feet as inches, lay off on the 
body of the square 147, in. for the run and on the tongue 
87% in.for therise. Measure off the diagonal, read the inches as 
feet and the result will be 16 ft. 5 in., the length of the rafter. 

A more accurate method of finding the run of a hip or valley 
rafter is to multiply the run of the common rafter by 1.4142 
which gives 10 1.4142 =14.142 ft. or 14 ft. 1.7 in. 

Third Method.—Another method of finding the length of 
these rafters is to use 17 on the tongue of the square and the 
rise per foot run of the common rafter on the body and apply 
the square to the hip or valley rafter as many times as there 
are feet in the run of the common rafter. 

Cuts for Hip and Valley Rafters.—To obtain the foot- and 
plumb-cuts on any hip or valley rafter take 17 in. on the body 
of the square and the rise per foot, in inches, of the common 
rafter on the tongue and proceed as described in the first 
method for cuts of common rafters. 

The foot and plumb-cuts for hip rafters are obtained by 
using the total run and total rise of the hip, as shown in Fig. 2. 
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Fitting a Hip or Valley Rafter Close to Ridge.—In order to 
make a hip or valley rafter with a rectangular section fit close 
to the ridge, another cut besides the plumb-cut is required at 
the top. This cut is called the side cut of the hip or valley. In 
order to obtain this cut take 17 in. on the tongue of the square 
and the length per foot run on the body and cut along the 


body. For example, in the roof already considered, take 17 
in. on the tongue and 193% in. on the body, cutting along the 
body. A second method is to take the total run of the hip 
on the tongue and the total length of the hip on the body, 
considering the feet as inches and cut along the body. 

When a hip or valley rafter is backed or has the upper cor- 
ners dressed off so that the top edge will be in the same planes 
as the roof on both sides of the rafter, the cuts for the backing 
are found by taking the rise per foot run of the common rafter 
on the tongue and the length per foot run of the hip or valley 
on the body and cutting along the tongue. For example, 
take 10 in. on the tongue and 197% in. on the body and cut 
along the tongue. 

JACK-RAFTERS 


Finding the Length of Jack-Rafters.—To find the difference 
in the lengths of jack-rafters, multiply the length, in feet, of 
the common rafter per foot of run, by the distance, in feet, 
between centers; subtract this product from the length of the 
common rafter, and it will give the length of the first jack- 
rafter, or the one next to the common rafter. For example, 
with a 7s-pitch, the length of the common rafter is 15.6 in, 
and the jack-rafters are spaced 2 ft. on centers. The first 
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jack-rafter will be 215.6=31.2 in. shorter than the common 
rafter, the second jack-rafter will be 31.2 in. shorter than the 
first, ete.. If spaced 16 in. on centers the difference in length 
will be 14%X15.6=20.8in. It follows that the run of the com- 
mon rafter bears the same ratio to the length of the common 
rafter as the spacing does to the difference in length; that is, 


132 2 F Z 
10:13 = 2:2.6, or =2.6 ft.=2 ft. 75 in.=31.2 in. This 


same difference subtracted from the length of the first jack. 
rafter will give the length of the second jack-rafter. 


Cuts for Jack-Rafters.—The foot- and plumb-cuts for jack. | 
rafters are the same as the cuts for common rafters. Jack. 
rafters differ from common rafters, however, in that side, or | 
cheek cuts are required at the tops in order to make them fit 
against the hip or valley rafters. In order to obtain this cut, 
take 12 in. of the run of the common rafter on the tongue and 
the length of the common rafter per foot of run on the body, | 
and mark along the body on the upper edge of the jack-rafter. 
Saw through this mark and at the same time follow the plumb- 
cut on the side of the jack-rafter. Thus, take 12 in. on the 
tongue and 15.62 in. on the body of the square and mark along 
the body. Then cut as described. 


ROOF BOARDS 


As the roof boards are at right angles to the jack-rafters, 
the face cut will be the same as the check cut of the jack- 
rafters, except that the cut is made along the tongue of the 
square. For the miter cut, or cut on the edge, take the length 
of the common rafter per foot of run on the tongue, and the rise 
per foot of run on the body and cut along the body. 


PURLINS 


The miter and face cuts for purlins are the same as for roof 
boards. 


SHINGLES 


The cut for shingles is the same as the cheek cut of the 
jack-rafters. 
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OCTAGONAL ROOF 


The figure 13 is to the octagonal roof what the figure 17 is 
to the rectangular roof. 

Common Rafters.—The length and foot- and plumb-cuts of 
common rafters are obtained in the same manner as described 
for pitch roofs. 

Hip Rafters.—There are several methods of obtaining the 
lengths of the hips in an octagonal roof. 

First Method.—Multiply the bridge measure of 13 in. and 
the rise per foot of run, in inches, of the common rafter by the 
total run, in feet, of the common rafter. For example, if the 
roof has a rise of 16 in. in 12 in., measure the bridge measure 
of 13 in. and 16 in., which is found to be 207 in. If the run 
of the common rafter is 10 ft., the total length of the hip will 
be 10 203%] = 20534 in. =17 ft. 149 in. 

Second Method.—Add 1 in. to every foot of run of the common 
rafter. Take this distance on the tongue, and the total rise 
on the body, calling the feet inches, and obtain the bridge 
measure, calling the inches feet. For example, the run of 
common rafter is 10 ft., adding 1 in. to every foot gives 10 ft. 
10 in. The total rise is 13 ft. 4 in. Considering these as 
inches and taking the bridge measure, the result is 17%: in., 
nearly. Calling the inches feet, the length of the hip is 17 
fbi? in. 

Cuts of Hip Rafters.—The foot-cut is found by using 13 in. 
on the tongue and the rise of the common rafter per foot of 
run on the body and cutting along the tongue. The plumb- 
cut is obtained by taking 13 in. on the tongue and the length 
of the common rafter per foot of run on the body, and cutting 
along the body. 

There are several ways of framing the tops of octagonal hips 
and the side cut therefore depends on the method used. When 
all the hip rafters meet at a point and are not backed, take 
5.38 in., or 52 in. on the tongue of the square, and the length 
of hip per foot of run on the body and cut along the body. 
When the hips are backed, take 4.97 in., or 5 in. on the tongue 
and the length of the common rafter per foot of run on the 
body and cut along the body. 
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When the upper ends of two hips butt together and the two 
hips at right angles to these butt against their sides, these 
four hips have square cuts on the top. The other four hips 
are framed into the angles formed by the first four and have 
cheek cuts on both sides. To obtain these cheek cuts when 
the hips are not backed, take 13 in. on the tongue of the square 
and the length of the hip per foot of run on the body and cut 
along the body. When the hips are backed, take 5 in. on the 
tongue and the length of the common rafter per foot of run on 
the body and mark along the body; then apply the square 
to this mark, using the same figures and cut along the bodye 


Jack-Rafters.—To obtain the difference in lengths of jack- 
rafters in any octagonal roof use the following proportions: 
5, or 4.97 in. is to the length of the common rafter per foot 
of run, as the spacing, in inches, is to the difference in length. 
Thus, the length of the common rafter per foot of run in a 


16-in. pitch is 20 in. If the jack-rafters are spaced 16 in. on | 


centers, the difference in length will be, 4.97:20=16:64.4. 
That is, the first jack-rafter next to the common rafter will be 
@4.4 in. shorter than the common rafter, the second jack- 
rafter will be 64.4 in. shorter than the first jack-rafter, and so 
on. 

Another method of obtaining this difference is to multiply 
the length of the common rafter per foot of run by .201 and 
then by the spacing in inches. Thus, 20.201 16=64.32 in. 

The foot- and plumb-cuts are the same as for the common 
rafter. 

The side cut is found by taking 5 in. on the tongue of the 
square and the length of the common rafter per foot of rua on 
the body and cutting along the body. 
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ROOFING 
BUILT-UP ROOFS 


Laid on Boards.—Built-up roofs are roofs made with slag 
or gravel laid on several layers of felt cemented together by 
means of pitch or asphalt. They may be laid on a concrete 
surface or on boards. If laid on boards, the boards should be 
tongued-and-grooved and should be planed to an even thick- 
ness. The first layer consists of one thickness of sheathing 
paper or unsaturated felt, weighing not less than 5 lb. per 100 
sq. ft., put on with a lap of 2in. The second layer is formed 
of two thicknesses of felt saturated with coal-tar pitch and 
weighing not less than 14 lb. per 100 sq. ft., each sheet lapping 
over the lower one 17 in. and being nailed as often as necessary 
to keep it in place. The third layer is a coating of coal-tar 
pitch thoroughly mopped over the entire surface. The fourth 
layer is composed of three plies of saturated felt, of the same 
kind and weight as that used in the second layer, laid in pitch, 
each layer lapping the one beneath 22 in. Nailing should be 
done when necessary, the nail heads being covered by at least 
two thicknesses of felt. The fifth layer is formed by mopping 
the entire surface with an even coating of coal-tar pitch and 
imbedding in it gravel or slag, using about 400 lb. of gravel or 
300 lb. of slag for each 100 sq. ft. of surface. The weight of a 
roof made as above described is from 6 to 7 lb. per square 
foot and should last from 15 to 20 yr. 

Laid on Concrete.—When a built-up roof is to belaid upon 
a concrete or cement surface, the first layer should be of coal- 
tar pitch mopped on uniformly. The second layer should 
consist of two thicknesses of saturated felt laid in pitch with a 
a 17 in. lap. The remaining layers are the same as for the 
roof on boards. 

The roof on concrete is often finished with flat tiles or brick 
in place of the slag or gravel and may be set either in a bed 
o portland-cement mortar or in pitch. 

Asphalt may be used in place of coal tar pitch for saturating 
the felt. and for mopping the roof. 
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Ready Roofings.—Ready roofings, consisting of two or three 
layers of felt and burlap cemented together with coal-tar pitch 
or asphalt, and sometimes covered with grit or gravel, are sold 
in rolls, each roll containing enough material to cover an area 
of 100 sq. ft. Accompanying the rolls are the necessary 
accessories, such as nails and cementing materials. These 
roofings are easily applied and form a serviceable roof for sheds 
and outhouses. 

Flashings used in connection with built-up roofing should 
be of copper, galvanized iron, or tin. 


SHINGLES 


Description.—The best shingles are made of cypress, red- 
wood, and cedar. They are ordinarily 16 in. and 18 in. in 
length, but are sometimes made as long as 27 in. or 30 in. 
Common shingles are made in random widths varying from 
24in.to14in. The thickness at the butt, or thick end, varies 
from 7% in. to 75 in. and the thickness at the upper end is ¥ in. 
They are packed in bundles that contain the equivalent of 250 
shingles 4 in. wide, and are sold at so much per 1,000 shingles 
or four bundles. 

Dimension shingles are always cut to a uniform size or 
width, and are preferable in laying patterns; they are 4, 5, or 
6 in. in width, and are usually dressed. 

Shaved shingles are split and shaved with the drawknife 
but are difficult to obtain as shingles are generally sawed. 

Clear butts indicate that the shingles contained in the bundle 
have a clear butt, or enough clear surface for the exposure to 
the weather. 

Fancy butts, or pattern butts, are shingles having the butts, 
or ends, sawed to a geometric or other form, such as saw tooth, 
round, hexagonal, etc. These shingles are usually dressed. 

Shingle lath, on which the shingles are laid, usually runs 
from 1} in. X2 in. to 14X3 in. 

Valley, hip, and ridge boards are of either 1 in. or 14 in. in 
thickness, as required, 

Methods of Laying.—The methods of laying shingles gen- 
erally in use are: on shingle lath, on boarding without paper 
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or felt, and on matched boarding and lath with felt. The 
first method is undoubtedly the best, though it is generally 
used on only cheap buildings. In more expensive houses, the 
requirements usually call for a matched-board roof. This 
method, however, prevents the free circulation of air under 
the shingles and causes them to decay quite rapidly. 

The starting course of shingles should be doubled at the 
eaves and the ends should overlap the gutter about 14 in. 
Each shingle is fastened with two fourpenny nails, and is 
exposed from 43 in. to 5 in. on the roof and from 5 in. to 6 in. 
on the sides of the building. 

Along the valleys c, Fig. 1, tilting 
fillets a@ should be placed over which the 
flashing b is formed. Similar tilting 
fillets should be placed along the upper 
edge of the gutter just above the over- 
flow. 

Finding the Gage.—The gage or ex- 
posure to the weather of a shingle is 
obtained by subtracting the lap from 
the length and dividing the difference 
by 3. Thus, for a shingle 18 in. long, Fic. 1 
with a 3-in. lap, the exposed length will 
be 18 in. minus 3 in., or 15 in., which, divided by 3, will give 
5 in. 

The number of inches exposed to the weather multiplied by 
the average width of a shingle gives the area of the exposure; 
dividing 14,400 (the number of square inches in 100 sq. ft.) by 
the area of the exposure gives the number of shingles required 
to cover 100 sq. ft. of roof. For example, the average width 
of a shingle is 4 in., and if exposed to the weather 4 in., the 
area of exposure is 16 sq. in.; now, 14,400 sq. in. divided by 
16 gives 900, which is the number of shingles required per 
square. 

Number of Shingles Required.—The accompanying table is 
arranged for shingles from 16 to 27 in. in length, and is based. 
on a given exposure to the weather. To these figures, 5 to 
10% should be added for waste. 
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a tial Heer fe Piagies Reauiced 
oof Covered by or 100 Sq. Ft. 
= arealee 1,000 Shingles of Roof 
Inches 
4 In. Wide | 6 In. Wide | 4 In. Wide | 6 In. Wide 

4 111 167 900 600 

5 139 208 720 480 

6 167 250 600 400 

7 194 291 514 343 

8 222 333 450 300 


Hips and Valleys.—Valleys are of two kinds as regards finish. 
The open valley is shown in Fig. 1. The shingles or slates are 
kept apart so that 8 or 10 in. of the metal, with which the 
valley is lined, is exposed. Before the shingling is begun, a 
long strip of metal c is laid on the boardsd and over the tilt-~ 
ing fillets a. The shingles are then laid as already described. 


AAI 


a 


Fic. 4 


In the close valley the shingles or slates almost meet as at 
b, Fig. 2, so that the metal flashings a and ¢ do not show. 
The flashings consist of sheets of metal laid between the 
shingles as the work progresses. 

The flashing of hips, as in Fig. 3, and the intersections of 
roofs with gable walls, as shown in Fig. 4, is done in the same 
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manner as that of close valleys. The Boston hip, shown in 
fig. 5, gives a very neat finish to the hip. Shingles of a 
uniform width of, say, 5 in., should be selected. A chalk line 
is snapped on each side of the 
hip, about 44 in. from its center 
and parallel to it, as shown at 
a, Fig. 5.. The slope shingles 
on the main roof should be 
carried up to this line, stepping 
back to allow the hips to be laid 
last. Lay the bottom shingles 
first with their edges at, and 
parallel to the hip line, and the 
fower corners of their butts 
just touching the butts of the 
shingles below, as shown. 
Across each hip shingle, and at 
right angles to the eaves, draw 
a line for the vertical side cut, 
as atc. Slightly taper the side d to secure a close fit at the 
intersection. Fit the hip shingle to the side of the main roof 
shingle, and nail in place as shown. 

One of the chief advantages of this method is that the grain 
of the wood runs with the hip, and the tendency to curl is 
taken away from the line of the hip to the side of the shingle. 


SHEET-METAL ROOFS 
TIN ROOFS 


Roofing tin, or terne plates, are made of sheets of soft steel 
or iron-coated with tin or tin and lead. The sizes of sheets 
generally used are 14 in. X20 in. and 20in.x28in. The thick: 
ness of the plates is described by the signs IC, IX, ete. IC 
Tepresents a plate of 30 gage and weighing about 10 oz. per 
sq. ft.; IX corresponds to 28 gage and weighs about 12 oz. 
per sq. ft. The gage is the United States standard. A box 
of tin plates contains 112 sheets. Measurements of tin roof- 
ing are based on a square of 100 sq. ft. The accompanying 
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table shows the number of square feet of roof a box of tin 
piates will cover. 

The cost of laying 14X20” plates will amount to about 
25% more than the cost of laying 20’’X 28” plates, because 
there are more cleats and seams, so that more solder and 
labor are required. Reliable brands of tin have the name of 
the manufacturer stamped on each sheet of tin. 


Laying a Tin Roof.—If the tin is to be laid with a flat seam, 
or flat lock, the roof should have an inclination of 4 in. or more 
to 1 ft. run. If laid with standing seams, it should have an 
inclination of not less than 2 in. to the foot. A good pitch is 
desirable to prevent the accumulation of water and dirt in 
hollow places. Gutters, valleys, etc., should have a pitch 
sufficient to prevent water standing in them or backing up 
enough to reach standing seams. 


ROOF AREA COVERED BY A BOX OF TIN PLATES 


n 0 g ow Ba 

n a is} o o.8 x 
Hy nv o oO oo) kK yw rom a Poms} rome) n 
oea| & | #2 | 8 [Se Sond) oa a| Hess 
NS Oo 3) Ss Gq |S, BI HOB] HS Ol] DS 2 
Be S| #2 |) OF | # IBAA S @| Soe |-7s™ 2 

is & Hl gs |B 
14X20] IC 30 112 107 180 165 65 
14X20| IX 28 112 135 180 165 82 
20X28] IC 30 112 214 | 381 360 
2028| IX 28 112 | 270 | 381 360 


Tin roofs should be laid on tongued-and-grooved sheathing 
boards, which should be of well-seasoned, dry lumber of narrow 
widths, free from holes, and of even thickness. A new tin roof 
should never be laid over old tin, shingle, or tar roofs. Sheath- 
ing paper is not necessary where the boarding is laid as just 
specified. If however, steam, fumes, or gases are likely to 
reach the under side of the tin, a good waterproof sheathing 
paper should be used under the tin. Tar paper should never 
be used. 
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Flat-Seam Tin Roofing.—Flat seams should be made as 
shown in Fig. 1 (a) to (f). When the sheets are laid singly, 
they should be fastened to the sheathing boards by cleats, 
Fig. 1 (6) and (¢), using three cleats to each sheet, two on the 
long side and one on the short side. Two 1-in., barbed, wire 
nails should be used to each cleat, but nails should never be 
driven through the sheets. If the tin is put on in rolls, the 
sheets should be made up into long lengths in the shop, the 


cross-seams locked together and well soaked in solder. The 
rolls should be edged } in. and fastened to the roof boards 
with cleats spaced 8 in. apart, and locked into the seam. 
The cleats should be fastened to the boards with two 1-in., 
barbed, wire nails to each cleat, as shown in Fig. j (c). 


Standing-Seam Tin Roofing.—The method of making stand- 
ing seams is shown in Fig. 2 (a) to (f). For this kind of roof- 
ing, the sheets of tin shouid be put together in long lengths in 
the shop, the cross-seams locked together and well soaked 
with solder. The sheets should be applied to the roof the 
narrow way and fastened with cleats spaced 1 ft. apart. One 
edge of the strip is turned up 1} in. at right angles to the sheet 
and the cleats installed as shown in (b). The adjoining edge 
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of the next course is turned up 1} in. as in (c) and these edges 
locked together, as shown in (d), turned over, as in (e), and the 
seam left, as shown in (f). 

Valleys and gutters in all cases should be covered with IX 
tin and formed with flat seams, applying the sheets the narrow 
way. It is important that good solder be used, bearing the 
manufacturer’s name and guaranteed to consist of one-half new 
tin and one-half new lead. Rosin should be used as a flux, 
The solder should be well sweated into all seams and joints. 


fre. "2 


Painting Tin Roofs.—All painting should be done by the 
roofer. The tin should be painted one coat on the under side 
before it is applied to the roof. The upper surface of the tin 
roof should be carefully cleaned of all rosin, dirt, etc. and 
immediately painted. The most approved paints for this pur- 
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pose are metallic brown, Venetian red, red oxide, and red lead, 
mixed with pure linseed oil. No patent dryer or turpentine 
should be used. All the coats of paint should be applied with 
a hand brush and well rubbed on. A second coat of paint 
should be applied 2 wk. after the first. The third coat should 
be put on about 1 yr. later. 

Caution.—All unnecessary walking on a tin roof should be 
avoided as well as storing building or other materials on it. 
The tin surface is easily scratched from the iron plates, which 
exposes these plates to corrosion. Workmen should wear 
rubber-soled shoes or overshoes when working on the roof. 

Maintenance of Tin Roofs.—To keep a tin roof in good con- 
dition, it should be painted at intervals of from 3 to 5 yr., 
depending on the slope of the roof and on local conditions. 
The gutters should be kept free from deposits of dirt and 
leaves and painted more frequently. 


COPPER ROOFS 


Laying Copper Roofs.—The methods employed in laying 
copper roofs are usually the same as those required for tin 
roofing, although the flat roof laid with a lap seam is not to 
be recommended. It is weak, and, being soldered and nailed, 


GAGE, THICKNESS, AND WEIGHT OF SHEET COPPER 


i Weight 
Gage Thickness Gumcce 
per 
Number Inch Square Foot 
29 .0134 10 
27 .0161 12 
26 .0188 14 
24 .0215 16 
23 .0242 18 
22 .0269 20 


will not permit sufficient expansion and contraction. Where 
solder is used, the lock-seam with cleats is best. The copper 
should be thoroughly tinned before commencing to solder it. 


a 
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The standing-seam method of laying should be employed 
where extra strength and stiffness are required, on very steep- 
pitched roofs, and on flat surfaces where work without solder 
is to be carried out. The gage, thickness, and weight per 
superficial foot of copper used for roofing purposes, are given 
in the accompanying table. 

Copper Tiling.—Copper roofing tiles are made in imitation 
of most of the different forms of terra-cotta tiles. A common 
-form of copper tile used is the imitation of the Spanish clay 
tile, as shown in Fig. 3. 

For straight surfaces the following sizes of tiles are used: 
7 in.X10 in., 10 in. X14 in., and 14 in.X20 in. The last size 
is best adapted for large roofs, but for ordinary roofs 10 in.x14 
in. is the size recommended. These tiles may be made of 
12-0z., 14-0z., or 16-0z. copper. A square will require four 
hundred 7’’< 10” tiles; one hundred and seventy-four 10’ 14” 
tiles; or seventy-two 14X20” tiles. These quantities allow 
for laps, waste, cutting, etc. All 
flashing on copper roofs is done 
with copper. 


Fig. 3 Fic. 4 


SLATE ROOFS 


Qualities of Slate-—Good slate should possess toughness, 
hardness, and a very fine, but easily distinguished, grain. The 
slates should be tough enough to be easily punched for nailing, 
and should cut to standard sizes without splintering or becom- 
ing friable at the edges. They should be hard enough not to 
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aksorb much moisture, as the action of frost on the moisture 
will cause the edges to crumble and will also tend to enlarge 
the nail holes, and thus cause the slate to loosen from the 
roof. The grain should run lengthwise of the slate. Veins or 
tibbons are objectionable markings, especially when parallel 
with the grain. 


QUANTITY OF SLATE AND NAILS 
PER SQUARE OF ROOF 


Ex- Dis- F 
N posed | tances rSipepee 
: um- to on 
Sizes of ber in | Weath-| Centers 
Slates |Square| er | of Lath| _. 
Inches Tees ecey| Liesrenyee Kind |Pounds |Ounces 
14X24 98 | 10% | 103 1 6 
12X24 Lisa 107 eeeLOF > 1 10 
12% 22 126 9i 93 2 1 12 
11X22 138 94 93 g 1 15 
1220 | 142 si gi | 3 2 0 
10X20 170 gi gi 2 6 
12X18 160 72 7 1 13 
10X18 192 7 7 2 3 
9X18 | 214 74 73 2 7 
12X16 185 64 64 2 2 
10X16 | 222 6 64 > 2 8 
9X16 | 247 63 64 q 3 0 
8X16 Q77 64 64 3 3 2 
10x14 | 261 54 3 ie ea 3 0 
ma |g] & | Bl” i a | 
2} 2 
8X12 | 400 4i 43 4 9 
7X12 | 457 4h 43 5 3 
6X12 | 533 43 43 6 1 


A good slate should present a bright, silk-like luster, and 
should emit a clear, metallic ring when struck with the knuckles, 
showing that it is hard; if it is soft, it will have a dull, lead- 
like surface, and will give out a muffled sound. When cut, the 
edges should show a fibrous-like texture, free from splinters, 
and the material should not show signs of being either brittle 
or crumbly. No better test of the wearing or weathering 
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qualities can be applied than the simple and effective one of 
examining roofs where similar slate has been in service for 
several years. 

Terms Used in Slating.—The terms applied to the different 
parts of roofing slate are: the gage, or weather, which is that 
part of the slate which is exposed when laid, as shown at a, 
in Fig. 4; the lap, which is the distance that each slate over- 
laps the second one below it, as at b; the head, or upper end of 
each slate, as at c; and the tail, or lower end of each slate, as 
at d. The bed is the under surface of each slate when laid, 
and the back is the upper surface when laid. 

Sizes of Slate.—Slates are sold by the square, or number of 
slates that will cover 100 sq. ft. of the roof surface. The 
table on page 315 gives the sizes of slates, the number of 


WEIGHT OF SLATE PER pieces per square allowing a 


SQUARE FOOT 3-in. lap, the exposure to the 

weather, and the number of 

; : pounds of nails required in lay- 
pases hes ood ing the slates. 


The thickness of standard 
slates varies from % in. to #in., 


$ 1.82 the usual thickness being 3 
ts a in. for slates of average size. 
a 5.46 Slates from 12 in. X16 in. to 12 
4 7.28 in. X 20 in. are most economical, 
i acue as there are fewer pieces to lay 
1 14.50 than in thesmaller sizes, and less 


loss from breakage than there 

would be in using the larger 
sizes. Slates should always be bored and countersunk at the 
quarry, instead of punched for nailing on the job. The accom- 
panying table gives the weight of slate per square foot. The 
approximate weight of slate per square foot when laid upon 
the roof is 64 lb. for slate 3} in. thick and 8} lb. for slate } in. 
thick. The colors of slate are dark blue, blue-black, purple, 
red, and green. 
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Laying Slate.—Slates are laid on boards, covered with:- 
carred or waterproofed paper, on wooden battens or laths, or 
on channel or angle iron purlins, as in fireproof buildings. The 
strips and angle irons are set a distance on centers equal to 
the exposed surface of the slate. The slates are nailed to the 
boards and battens with 3-penny or 4-penny slating nails, 
the best of which are made of copper and have broad heads. 
Slates are secured to iron framing by tying with copper wire 
or by means of special fasteners. In first-class work, the top 
course of slate on the ridge and the slates for 2 ft. to 4 ft. from 
all gutters and 1 ft. each way from all valleys and hips, are 
bedded in elastic cement. 

Flashings for slate work may be of tin, zinc, or copper. 
The ridge is generally protected by a metal ridge roll lapped 
over the top of the slates. The hips and valleys should be 
protected by weaving in metal strips, as described under 
shingle roofs. The hips, however, are sometimes covered 
with metal hip rolls. 


TILE ROOFS 


The flat roofs of fireproof buildings are frequently covered 
with flat vitrified clay tiles, called Promenade tiles. These 
tiles are 6 in. x9 in. X } in. or 1 in. in size and are put on over 
four or five plys of tarred felt laid in pitch on the concrete 
surface of the roof construction. They are bedded in a heavy 
coating of asphalt. The joints between the tiles should be 
not less than # in. wide and be half-filled with asphalt; the 
upper half is then filled in with a strong cement grout. 

For pitch roofs, tiles of various shapes are used, such as flat, 
Spanish or S-shaped tiles, and other special patterns. Suit- 
able ridge rolls, hip rolls, crestings, and finials are made to be 
used with the various patterns of tiles, and are set in elastic 
cement or good portland cement mortar. Tiles should be 
burned until vitrified. The standard color is red, but other 
colors can be produced by glazing. Tiles made of clear glass 
are sometimes inserted in the roof at places where skylights 
would otherwise have to be used. 

Tiles used on pitch roofs weigh from 750 to 1,200 lb. per 
sauare and should be laid on a tightly boarded roof upon 
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which a layer of good roofing felt weighing 30 lb. per 100 sq. 
ft. has been laid. Each tile is nailed to the roof with two 
barbed, wire nails, preferably of copper. | 

Flashings used in connection with tile roofing should be 
of 16-0z. copper. | 

Cement roofing tiles are made of a mixture of portland 
cement, sand, and coloring matter reinforced with wire mesh. 
They are generally 22 in.X52 in. in size and } in. thick, and 
weigh about 14 lb. per sq. ft. Special tiles have sheets of 
wire glass set in them, which afford light without the use of 
skylights. 


ASBESTOS SHINGLES 


Shingles made of cement and asbestos are used as roofing 
material. They are tough, strong, non-absorbent, fireproof, | 
and light in weight. They can be obtained in a variety of 
sizes, 16 in. X16 in., 12 in.X12 in., 8 in.X8 in., 16 in.X8 in., 
12 in.X6 in., and 4 in.X8 in. all of which are about } in. 
thick. The butts are formed in various shapes, similar to 
those of shingles or slates. The weight of the shingles per | 
square, laid in the French method, with 12’’12" shingles | 
is 272 lb. and 160 shingles are required. The weight of 
shingles per square laid in the American method, with 12’ 
12” shingles is 432 lb. and 240 shingles are required. 


CANVAS ROOFS 


For the floors of sleeping balconies and for roofs that are to | 
be walked upon, canvas roofs are used. The canvas, or duck, | 
should be closely woven and treated with chemicals to pre- | 
serve it from mildew and decay. The canvas should weigh | 
about 16 oz. per sq. yd. and its width should be from 21 in. 
to 42 in, It should be tightly stretched with a lap of 1 in. | 
and tacked to the roof boarding with heavy galvanized iron | 
or copper tacks # in. to 3 in. long and spaced about } in. apart, | 
after which it should be wet and while still damp given a good 
coat of oil paint. It is then finished with two or three coats | 
of paint. 
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ESTIMATING 


APPROXIMATE ESTIMATES 


‘The costs of buildings are frequently estimated at a unit price 
per cu. ft. of their contents. This price, however, is bound to 
vary considerably, due to the changing prices of labor and 
building materials, and to the varying nature of buildings. 
The prices given in the accompanying table must, therefore, 
be considered as approximate. 

The cubical contents of a building are found by calculating 
the area of the largest floor, and multiplying this area by the 
height of the building from the cellar floor to the average height 
of the roof. If the roof is a gable roof, the height is taken to a 
point halfway between the attic floor and the ridge. Piazzas, 
porches, etc., are not generally included in estimating the cubic 
contents of a building. The cubic contents are found in cu. ft., 
and multiplied by an estimated cost per cu. ft. By keeping 
records of the costs of work already done, the contractor will 
be better able to estimate the price per cubic foot of new work. 


COSTS OF BUILDINGS PER CUBIC FOOT 


Class of Building Cost 
Frame dwellings, costing $20,000 or more..| $0.80 to $1.30 
Schoolhouses, fireproof... 0.0 Us csc... oe .80 to 1.25 
Whirches. iis RGIS cena Nah oavauchals: aye 90 to 1.40 
JIG Sport rel Ike oe ER ett “aoe Stil hoe hay emo 1.00 to 1.25 
Office buildings, fireproof.. yaks 1.00 to 1.25 
TO GEIS Sao asraticrn chest eectiie ort HONE Seles 1:25) tow 1.50 


ESTIMATES IN GENERAL 


The amount of materials required for a given piece of work 
is fixed, and the cost of these materials will be based on the 
prices prevailing at the time of building. The labor cost can be 
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calculated by assuming that the average mechanic will do a 
certain amount of work per hr. or day, then estimating the 
total-time required for the work and multiplying this time in 
hours by the hourly rate of wages prevailing at the time. The 
total cost will be found by adding the costs of material and 
labor. 

Suppose that 1,000 bd. ft. of flooring is to be laid. The cost’ 
of the flooring is $250. A carpenter will require 16 hr. to lay 
this flooring and will need a helper for 4 hr. The carpenter’s 
wages are assumed to be $2.50 per hr., and helper’s wages $2.00 
per hr. The total cost of laying this flooring would then be 
estimated as follows: 


Fiooring, 1,000 board feet at $250.00 per M.......... $250.00 


Carpenter, 16 hr. at $2.50 per hr............ erstrchcisioes 40.00 
Helper, 4 hr. at $2.00 per hr.............. aielaleinsle leis 8.00 
“kore eee ion we eee ete eee e eee eeeeeresesesene $298.00 | 


Overhead and Profit.—The prices given in the following pages | 
are for the actual costs of the work to the contractor. No | 
allowance has been made for overhead or profit. The over- 
head, or cost of doing the business of contracting, will vary 
from 5 to 20 per cent. 

The profit which must also be added will amount to from — 
5 to 20 per cent., depending on the nature of the work, and 
the amount of office work and supervision required. 


MASONRY 
INTRODUCTION 


Stone from the quarry is usually sold under two classifications, 
namely, rubble and dimension stone. Rubble consists of pieces | 
of stone of irregular size, such as are most easily obtained from | 
the quarry, varying from the small sizes to a maximum of 12 in. | 
in thickness by 24 in. in length. Stone ordered of a certain 
size, or to square over 24 in. each way, and to be of a particular 
thickness, is dimension stone. 
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Stone walls are usually measured by the cu. yd. In some 
localities they are measured by the perch of about 25 cu. ft. 
The cubic contents are obtained without considering the 
openings. Deductions are then made for door, window, and 
other openings 10 sq. ft. or more in area. The measurements 
are taken on the outside of the wall, thus measuring the corners 
twice. This is done to offset the labor of plumbing and trim- 
ming the corners. 

Ashlar work is always figured by the superficial foot. Open- 
ings are usually deducted, and the jambs are measured with the 
| face work. Flagging and slabs of all kinds, such as hearths, 
| treads for steps, etc., are measured by the sq. ft., while sills, 
lintels, moldings, belt-courses, and cornices are measured by the 

lin. ft. All carved work is done at an agreed price by the piece. 


METHODS OF ESTIMATING MASONRY COSTS 


The following are examples of estimating the cost of rubble 
masonry by the cu. yd. A small amount of Portland cement 
is generally added to lime mortar in order that the mortar may 
| set rapidly. A small amount of slaked lime is usually added 
to cement mortar to make it work moresmoothly. This applies 
to mortar for stone, brick, terra cotta, etc. The unit prices are 
approximate, and will vary in different localities. 


Cost oF RUBBLE Masonry PER CusBic YARD 
Using 1-to-3 Lime Mortar Tempered With Cement 


' 1 cu. yd. (27 cu. ft.) stone, delivered at work...... ++ $ 5.50 
7 cu ft. mortar 
75 lb. lump lime at $1.40 per 100 lb....... $1.05 
25 lb. Portland cement at $5.40 per bbl.... 0.36 
4 cu. yd. sand at $4.55 per cu. yd......... 1.14 
1 hr. laborer’s time, mixing, at $2.00 perhr.. 2.00 
/ $4.55 4.55 
E73 nt, mason s time at o3.25 Pet Htvesas..<.eecs couse 9.75 
Sut: Nelper's timerah P2220 PELUT, occ enicee © sucrsverels «00 6.60 


Pata costmpeE CU snyder cima ctr dian fea acelsistohe $26.40 
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Cost oF RUBBLE MASONRY PER CuBIC YARD 
Using 1-to-3 Portland Cement Mortar Tempered With Lime 


1 cu. yasstone, delivered sat job. ..cci..cmucesccewb us $ 5.50 
7 cu. ft. mortar 

3 bbl. Portland cement, at $5.40 per bbl... $2.70 

8 lb. lump lime, at $1.40 per 100 lb........ 0.11 

4 cu. yd. sand, at $4.55 per cu. yd......... 1.14 

1 hr. laborer’s time, mixing, at $2.00 perhr.. 2.00 


$5.95 5.95 
S.ht. mason’ s time, ab $3.25 per ir.. cis s cielo eceleexeie 9.75 | 
3 hr. helper’s time, at $2.20 per br.......00.0+scescee 6.60, 
Total cost per cu. yd........... pooonooconouas: eves 


Cost or ConcrRETE PER Cusic YARD 
1-23-5, Hand Mixed 


1} bbl. Portland cement at $5.40 per bbl............. $ 6.75 } 
30 lb. hydrated lime at $34 per ton.............00% 5 0.51 | 
z'cu. yd. sandat $4.55 pericu. ydl ike in ceeds mace 2.28 ! 
fctyd. brokenrstomes wee coer ems eS cette iene 6.25 | 


3% hr. laborer’s time, mixing and placing, at $2.00 per es 6.56 | 


Motalkcostpericusnydvacwmrstseiecs aeiiaccheieiete enens Re PEN 


Cost or 1 Sa. Yp. oF CELLAR FLOOR 
4” Concrete Base, 1-23-5, Hand Mixed 


4 bbl. Portland cement at $5.40 per bbl............. - $ 0.68 
3 Ib. hydrated lime at $34 per ton.............e00ee 0.05 | 
RyiCUepy Gusandratin4. 55) per Clisny Gaertn wera mieisete st 0.25 | 
3 cu. yd. broken stone at $6.25 per cu. yd............ 0.70 


25 minutes laborer’s time, mixing and placing, at $2.00 
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Cement Finish, 1-to-2 


ts bbl. Portland cement at $5.40 per bbl.......... : 0.54 

i gs cu. yd. sand at $4.55 per cu. yd...............5. : 0.13 
10 minutes laborer’s time, mixing and placing at $2.00 

DEL NNT remtars ave eral ciency ei eoer viel oie s.c 5 eesavarsioe er elarareiete 0.33 

3 hr. finisher’s time at $3.25 per hr...........00cc008 1.63 

Motal Cost pet sqiaVdacdecaewts eae sic ob ae selene $ 5.14 


; DATA ON ASHLAR AND CUT STONE 


(; -Cost.—When purchased from the quarry, the stone may be 
\) had in rough blocks or in sawed blocks, or it may be cut to 
finished sizes and shapes. When it is cut to finished shapes, 
there will be no excess material to pay freight on. 

In most cases, however, cut stone is purchased from a local 
dealer, who buys it in sawed blocks from the quarry and cuts it 
into the shapes called for by the architect’s drawings. The local 
dealer generally contracts to furnish, cut, deliver, and stack 
the stone at the building site. Or his contract may include 
|} fitting, setting, pointing, and cleaning down. 
' The cost of stone purchased from a local dealer will vary 
with the facilities for getting it out of the quarry, with the 
\) hardness and nature of the stone, and with the distance that 

the stone must be hauled to the building. It is difficult, there- 
fore, to give dependable prices. The following approximate 
prices will help you in estimating: 

Good-rock-faced bluestone ashlar, with from 6-in. to 10-in. 
beds, dressed about 3-in. from the face, will cost, ready for 
Jaying, from $1.50 to $1.70 per square foot of face measure. 
Selected bluestone ashlar will cost from $1.70 to $2.00 per 
square foot. Regular coursed bluestone ashlar, 12 to 18 in. 
in length, with from 8-in. to 12-in. beds, will cost about $1.25 
ner square foot. 

Several grades of Indiana limestone are sold in rough quarry 
blocks at from $0.50 to $3.00 per cubic foot; in quarry blocks 
sawed on two sides at from $1.00 to $3.50 per cubic foot; and 
n strips sawed on four sides at from $1.55 to $4.05 per cubic 
oot. These prices are for carload lots of 36,000 lb. or more. 
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Indiana limestone that is cut and finished at the quarry 
in the form of door and window sills, steps, coping, and mold- 
ings will cost from $3.00 to $4.00 per cubic foot, crated and | 
placed on cars at the quarry ready for shipment. The pur- | 
chaser must then pay the freight to the point of delivery. 

The cost of transportation from the quarry to the building | 
site can be obtained from the railroad or trucking firm which | 
does the moving. Where the stone is cut to finished shapes, a | | 
certain amount of crating is necessary to protect the pee | | 
edges. ] 

When the stone is shipped by railroad, it must be taken off | 
the cars and placed on trucks, hauled to the site of the building, | 
and carefully stacked ready for use. The cost of this work | 
will depend on the weignt of the individual stones and on the | 
distance that they must be hauled. For moderate-sized stones, 
hauled 2 miles, stacked on boards, and protected by boarding, } 
an allowance of $0.75 per cubic foot may be made. 

Sometimes the cut stone that is sent to the building site 
does not fit exactly, and must therefore be trimmed to size 
before it is set in place. Some cutting will also be required to 
permit the installation of anchors and dowels.’ The fitter will 
also have to cut lewis holes in the stones so that they can be 
raised by the derricks. Do not overlook these items when 
making up the estimate. 

A stone cutter can cut about 3 sq. ft. of granite per day, 6 
sq. ft. of bluestone, and about 8 sq. ft. of Ohio sandstone or 
Indiana limestone. These figures are for 6-cut patent-ham- 
mered work. For rock-face ashlar (beds worked about 3 in. 
from face, the rest pitched), a workman can dress from 15 to | 
25 sq. ft. of random ashlar per day, and from 18 to 20 sq. ft. of 
coursed ashlar. In dressing laminated stone, from two to three 
times more work in a day can be done on the natural surface 
than on the edge of layers. In figuring cut stone, an ample 
allowance should be made for waste, which, on an average, 
will be 20 per cent. 

Ashlar is figured separately from the wall that it faces. The 
cost of building 100 cu ft. of limestone ashlar 6 in. thick is as 
follows: 
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Cost or 100 Cu. Fr. or Limestone AsHLar 6 IN. THICK 


100 cu. ft. stone at $2 per cu. ft. delivered at job....... $200.00 
9 cu. ft. mortar 

108 Ib. lump lime at $1.40 per 100 lb....... $1.51 

qs bbl. stainless cement, at $7.60 per bbl... 0.76 

Slew. it.sand) at $4.55 per cus yd..4...... 1.52 


1 hr. laborer’s time, mixing, at $2.00 perhr.. 2.00 


$5.79 5.79 
#2\brmason’s labor; at/$3:25) per Wri. .fao-4 « c.cionevtolel ole $ 39.00 
24 hr. helper’s time, at $2.20 per hr.......0.-.eeeeee 52.80 


6 hr. fitter’s time, cutting and trimming............. 19.50 


Motalecost/ Of MOO Curls sectors a cleieiels coe. sVelereree POLULO9 


BRICKWORK 
MEASUREMENT OF BRICKWORK 


The usual method of measuring both face and common brick- 
work is by the thousand bricks laid in the wall. A customary 
method of estimating the number of bricks in a piece of brick- 
work is first to determine the entire area of the face of the wall 
in square feet, measurements being taken on the outside of the 
wall, and not on the inside. This is done to offset the extra 
labor that is required in laying the corners and angles. The 
number of bricks is computed approximately from these areas, 
using the number of bricks to the sq. ft. as shown in the accom- 
panying table. The window and door openings in brick walls 
should always be deducted. 


The following is an estimate of the cost of laying common 
brick per thousand. As previously stated, the prices will vary 
in different localities at different times. To use these examples, 
local prices should be substituted for the prices given. 
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NUMBER OF BRICKS TO THE SURFACE FOOT FOR 
DIFFERENT SIZES OF BRICKS WITH JOINTS 
OF VARIOUS THICKNESSES 


Thickness of Joint 


Size of Brick 
Inches ts | t | ts 


itals 


Number of Bricks 


74X33 X23 7.31 | 7.08 | 6.86 | 6.65 | 6.45 | 6.26 
7tX32X2t 7.44 | 7.20 | 6.97 | 6.75 | 6.55 | 6.35 
8) X33x23* 7.22 | 6.98 | 6.76 | 6.55 | 6.35 | 6.17 
8 X4 X23 6.55 | 6.35 | 6.16 | 5.98 | 5.81 | 5:65 
8iX33X27 7.00 | 6.78 | 6.56 | 6.36 | 6.17 | 5.98 
8iX4 X24 7.00 | 6.78 | 6.56 | 6.36 | 6.17 | 5.98 
84 X43X 25 6.47 | 6.27 | 6.08),| 5.90 || 5.73" |.9S'57, 
83 X43X23 ONT N9.99 ao-8l) |) 5.64 5155.49) Pe sss: 
9 X43Xx3 4.92 | 4.79 | 4.67 | 4.55 | 4.45 | 4.33 


*Standard size adopted by America Society for Testing 
Meteusts and the Common Brick Manufacturers’ Association of 
merica. 


Cost oF ComMMON BRICKWORK PER THOUSAND BRICK 


Using 1-to-3 Lime Mortar Tempered With Cement, Joints 
3 in. thick, Size of Brick 8 in.X3% in. X2} in. 


T5000 Sorel hs rs faye te Gar eae eyes ie ls eines Sich igerues aus $ 40.00 
14 cu. ft. mortar (See rubble masonry)............05 9.10 
8 hr. mason's time .at:$3.25 per Br... .ice.ci 0+ oe seeiese 26.00 
10 hr. helper’s time at $2.20 per hr............. Rioncvets 22.00 


Total cost of 1,000 brick laid in wall............ $ 97.10 


Using Portland Cement Mortar 


1/000 ibrick 5 Sieh ceinc esas ons resaeethtoaigcusloe et eiatteete $ 40.00 
14 cu. ft. mortar (See rubble masonry)......... Brailes 11.90 
$ hr. mason's-time, at $3:25 per hr.. 60. i. 2 52.c cen 26.00 
10 hr. helper’s time, at-$2.20 per hr...........000. se 22.00 


Total cost of 1,000 brick laid in wall........... - $ 99.90 
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When hoisting engines and scaffolds are used, these prices 
will be increased correspondingly. 


Cost or PrREessED BRicKwoRK PER THOUSAND BRICK 


Using 1-to-3 Cement Mortar Tempered With Lime. Joints 
4-in. Struck. Brick 8 in.X3%in.X24 in. Hoist and Scaffold 
not included 


1,000 brick..... BSS chai o OCR oS OID AC Becks $ 60.00 
7 cu. ft. mortar (See rubble masonry).............0. 5.95 
80 lb. mortar color at $0.10 per Ib.. 2... cc ee ce eee 8.00 
20 hr. mason’s time, at $3.25 per hr......-..eeeeees is 65.00 
15 hr. helper’s time, at $2.20 per hr...........2.0-- 33.00 


Total cost per 1,000 brick laid in wall........... $171.95 


CARPENTRY 
ESTIMATING QUANTITIES 


Board Measure.—Lumber used in framing is measured by 
the board foot, which is 12 in.X12 in.X1 in. Lumber is sold 
on the basis of 1,000 ft. board measure. The customary 
abbreviation for the latter term is B.M., and for thousand is M. 
Thus, 500 ft., board measure, costing $50 per thousand, would 
be written: 500 ft. B.M., at $50 per M. 

To obtain the number of board feet in any ptece of timber, 
the length in inches may be multiplied by the end area, in 
square inches, and the result divided by 144. For example, 
the number of board feet in a floor joist 20 ft. long, 3 in. thick 
and 10 in. deep, is 240 in. (20X12) multiplied by 30 sq. in. 
(the end area), or 7,200 sq. in., 1 in. thick; dividing by 144, 
the result is 50 ft. B.M. 

The rule used by most contractors and lumber dealers is as 
follows: 


Rule.—Multiply the length, in feet, by the thickness and width 


tn inches, and divide the product by 12. 
Thus, a scantling 26 ft. long, 2 in. thick, and 6 in. wide, con- 
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26X2X6 2 
tains ————— = 26ft.B.M. This rule, expressed ina slightly 
12 


different manner more convenient for mental computation, is 
as follows: 


Rule.— Divide the product of the width and thickness, in inches, 


by 12, and multiply the quotient by the length in feet. 
2X10 


Thus, a 2” X10” plank, 18 ft. long contains 
B. M. 


Studs.—To calculate the number of studs set 16 in. on 
centers, the following rule may be used: 


X18 =30 ft. 


Rule.—From the length of the wall or partition, in feet, deduct 
one-fourth, and to this result add 1. Count the number of returns, 
or corners, on the plan, and add two studs for each return. 

The reason for adding one is to include the stud at the end, 
which would otherwise be omitted. The sills, plates, and double 
studs must be measured separately. For example, five walls 
or partitions 30 ft. 6 in., 10 ft. 6 in., 9 ft. 6 in., 5 ft. O in., and 
4 ft. 6 in. would have a total length of 60 ft. If one-quarter, 
or 15, is deducted from 60, the remainder is 45; add 1 and the 
result is 46. If there are 4 returns, at 2 studs each, the total 
number of studs required is 46-++8 =54 studs. 

As a general rule, when, as is usual, the studs are set at 16-in. 
centers, 1 stud for each foot in length of walls and partitions 
will be a sufficient allowance to include sills, plates, and double 
studs. Thus, if the total length of walls and partitions is 
75 ft., 75 studs will be sufficient for sills, double studs, etc. If 
the studs are set at 12 in. centers, the number required will be 
equal to the number of feet in the length of the walls and 
partitions plus one-fourth. 

Thus, if the length of the walls and partitions is 72 ft., 72+18, 
or 90 studs, will include those required for sills, plates, etc. 
Some contractors add 10% to these quantities to allow for 
incidental use of studs, such as for bracing, blocking, scaffold- 
ing, etc. 

The same principles may be used for calculating the number 
of joists, rafters, tie-beams, cte. 
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A good way to estimate bridging is to allow 6¢. apiece, or 
12¢. a pair; this will be sufficient to furnish and set a pair 
made of 2” 3” spruce or hemlock stuff. 


Sheathing.—To calculate sheathing or rough flooring (which 
is not matched), find the number of feet board measure required 
to cover the surface, making no deductions for door or window 
openings, for what is gained in openings is lost in waste. If the 
sheathing is laid horizontally, only the actual measurement is 
necessary, but if it is laid diagonally, add 8 to 10% to the actual 
area. When the sheathing is matched or shiplapped, add from 
5 to 15% to the actual area. 

In sheathing roofs where many hips, valleys, roof dormers, 
etc. occur, there will be a great deal of waste material caused 
by mitering the boards, fitting around the cheeks of dormers and 
forming saddles behind chimneys. This waste is not readily 
calculated and must be determined by the actual conditions 
as well as by the care exercised by the men in utilizing the 
cuttings. In covering large areas a great deal of material can 
be saved by ordering the lengths of boards to suit the spacing 
of the rafters. 


Flooring.—In estimating matched flooring, 1 sq. ft. of 33-in. 
stuff is considered to be 1 ft. B.M. If the flooring boards are 
3 in. or more in width, add one-quarter to the actual number of 
board feet, to allow for waste of material in forming the tongue 
and groove; if the flooring is less than 3 in. wide, add one-third. 
Flooring of 14 in., finished thickness, is considered to be 1} in. 
thick; and for calculating it the surface measurement is in- 
creased 50%. (This consists of 25% for extra thickness over 
1 in., and 25% for waste in tonguing and grooving.) To this 
amount 5% is added for waste in handling and fitting finished 
flooring laid perpendicular to the joists. For matched under 
flooring laid diagonally to the joists, allow 10% for waste. In 
figuring the area of floors, the openings for stairs, fire-places, 
etc., should be deducted. 

Siding.—Siding is usually measured by the superficial foot. 
No deduction should be made for ordinary window or door 
openings, as these usually balance the waste in cutting and 
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QUANTITIES OF MATERIAL PUT IN PLACE 
PER HOUR PER MAN 


Class of Material 


Studding, DP AN Gia 
XO Rees? tans oes 
Rafters... : 
Floor joists, 2" 10", or 
SIP RP 
Sheathing, unmatched. 
Sheathing, unmatched. 
Sheathing, matched.... 
Sheathing, matched... . 
Sheathing, roof, un- 
matched.........- 
Sheathing, roof, 
matched.......... 


Sheathing, roof, 
matched 
Sheathing, roof, 
matched.......... 
Under-flooring, 
matched, 54” face. 
Under-flooring, 
Gan Eiaeme tec orice 
Beveled siding, 6” wide 
Beveled siding, 4” wide 
Novelty siding........ 


Posts and beams over 
Celie este eens 


fitting. 
lap. 


Quantity of 
Material 


45 ft., B.M. 


25 ft., B.M. 
75 ft., B.M. 


60 ft., B.M. 


50 ft., B.M. 
36 ft., B.M. 
50 ft., B.M. 


45 ft., B.M. 
30 lin. ft 


Remarks 


Walls or partitions 
Plain gable roofs 


Laid horizontally 
Laid diagonally 
Laid horizontally 
Laid diagonally 


Plain gable roof 


Much cut up by hips, 
valleys, dormers, etc. 


Plain roofs 


Cut up 
{ Perpendicular to joists 


{ Diagonally to joists 


Includes fitting and 
setting ccorner 
boards, water-table, 
and scaffolding 


For base and wainscot, 
leveled and straight- 
ened in good shape 

Includes cutting and 


setting 


Careful attention must be given to the allowance for 
If 6-in. (nominal width, actual width 5§ in.) siding, laid 


with 1-in. lap, is used, add one-quarter to the actual area, in 


order to obtain the number of sq. ft. of siding required. 
_stuff is used, add one-third to the actual area. 


It 4-in 
When no deduc- 
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tion is made for openings, the corner boards and water-tables 
need not be figured separately. 


Cornices.—Cornices may be measured by the running foot, 
the molded and plain members being taken separately. A good 
method of figuring cornices is as follows: 


Rule.—Measure the girth, or outline, and allow 3¢ for each 
inch of girth, per linear foot. 


Quantity of Material Set per Day.—It is impossible to 
estimate exactly the quantity of material set per day, as it 
depends on the skill of the artisan, his rapidity of working, the 
ease or difficulty of the work, besides numerous accidental 
circumstances. The figures in tables are intended to give 
an idea of the relative quantities, and not as a standard to be 
adhered to in all cases. If the quantity of material which a 
man can set per hour is known, and the price wnich is paid 
the mechanic for one hour’s work is known, these units can be 
used for ascertaining the cost of all the work of that kind that 
is to be done in the building. 


Nails.—To calculate the quantity of nails required in execut- 
ing any portion of the work, the following table will be found 
useful: 

TABLE FOR ESTIMATING QUANTITY OF NAILS 


Material Poa et Kaadteg Neal 
quired 
-O0O0ishineles we erise keene 5 4d. 
1,000 laths, 4 nails to 1 lath...... 7 3d. fine 
1,000 ft., B.M. of beveled siding... 18 6d. 
1,000 ft., B.M. of sheathing....... 20 8d. 
1,000 ft., B.M. of sheathing....... 25 8d, or 10d. 
1,000 ft., B.M. of flooring......... 30 8d. 
1,000 ft., B.M. of flooring......... 40 8d. or 10d. 
1,000 ft., B.M. of studding........ 1055 8d. or 10d. 
1,000 ft., B.M. of studding........ Fr 25 20d. 
1,000 ft.,B.M.of furring 1in.x2in.}| 10 8d. or 10d. 
1 ye oe B.M. #-in. finished floor- 
SOR SOBER EAD OE EACS 20 | 8d. to 10d. finishing 

de; 000 if., B.M. 1#-in. finished floor- 

Fa Coa eas, Bt ei Arte a ie RES 30 =| 8d. or 10d. finishing 
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ESTIMATING COSTS 


The character of the work, which must be determined by the 
spirit and letter of the specifications, will be the controlling 
factor in fixing costs. In the case of material, where the require- 
ments are exacting and demand a grade of material that can 
only be obtained by special selection, an extra rate must always 
be considered. This is best secured by contracting with the 
lumber merchants for tne supply of the material to accord 
strictly with the architect’s stipulation. The matter of labor, 
however, is one on which too much care and forethought cannot 
be expended. What may be considered satisfactory work by 
one contractor would be considered inferior by another, and 
this often accounts for the great difference in estimates. 


COST OF MISCELLANEOUS ITEMS OF CARPENTRY 
Class of Work Cost 


Setting window frames in. wooden buildings | $4.00 each 
Furring brick walls, 1“2” strips, 12-in. 


centers, including labor and materials....| 0.30 per sq. ft. 
Furring brick walls, 1”X2” strips, 16-in. 
centers, including labor and materials....] 0.24 per sq. ft. 


Cutting holes and fitting plugs in brick walls] 0.60 each 
Setting window frames in brick or stone 


walls, including nails and bracing........ 6.00 each 
Setting door frames in brick or stone walls, 
including nails and bracing............. 6.00 each 


Furnishing and setting trimmer-arch centers 4.00 each 
Arch centers, 34 ft. span, 8-in. reveal, in- 
cluding supports and wedges............ 6.00 each 


Cost per Square Foot.—For all classes of materials that enter 
into the general framing and covering of a building, a close 
estimate may be made by analyzing the cost per square foot of 
surface. The cost of labor and materials—studs and sheathing 
in walls, joists and flooring in floors, etc.—required for a definite 
area should be closely determined, and this cost, divided by the 
area in sq. ft., will give the price per sq. ft. If the whole area 
in sq. ft. of work to be estimated on is multiplied by the figure 
thus obtained, the result will be the cost of that work. 
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The flooring example shows how to determine the cost per 
square foot of flooring, and indicates the general method to be 
pursued in like cases. The area used in calculation is a square 
of 100 sq. ft. 


Cost oF FINISHED FLOOR PER SQUARE 


Joists, Y.P., pieces 2” X12” X10’ =160 ft. B.M. at $100 


DCL eres far Sacesev eee, cat aey teselte cect a hayeteneis: Sisal les clallefe $ 16.00 
Cost of setting, at 56 ft. per hr., 3 hr. carpenter’s time, 
ALIGDSSOMDEL) Lis in aeetecsvecateas, stele sshess ckeiote wal oveua atone 7.50 
Bridging, 7 set at $0.24 per-setinccs. cies viclesuetsuecee 1.68 
Rough flooring, laid diagonally, matched, 54” face, 
100+25+10=135 ft. B.M: at $200 per M......... 27.00 
Cost of laying, 14 hr. carpenter’s time, at $2.50 perhr. 4.50 
iButidingspapert OO! Sas. LE. aitoe.ct 0 cays, siehe ojo oVesis,0.e10.6 10 2.50 
Finished flooring, quarter-sawed oak, 432%” face, 
100+33+5 =138 ft. B.M., at $420 per M.......... 57.96 
Mabe aals atie10) PerOO 1D. so an.« di svere. os 0ce Bele » ve coce! 1.20 
Cost of laying oak flooring, 3 hr. carpenter’s time, at 
SZESO eC Te ta eis stay opera) aval iis’ age fare aisiei'oveuecs: srereveneaxe exe 7.50 
Scraping and sanding, 4 hr. carpenter’s time, at $2.50 
IDOTHID hays cd oieps Anis atreyar sls osswerarsoonel sterol cdatoveleliey'eferoue e019, site 10.00 
otalicostiorn OO sqults a ctaleeysloiete v'ess,c.0/0'e wierd exe's $135.84 


JOINERY, OR MILLWORK 
ESTIMATING QUANTITIES 


Millwork includes all the interior and exterior finish put in 
place after the framing and the exterior sheathing of the build- 
ing are completed; as, for example, door and window frames, 
doors, baseboards, paneling, wainscoting, stairs etc. These 
features are made at the mill and brought to the building ready 
to be set in place. 

Frames.—In taking off door and window frames, describe 
and state the sizes. Measure the architraves by the running 
foot, giving the width and thickness, whether plain or molded, 
and state the number of plinth and corner blocks. 
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Sash.—State the dimensions of the sash (giving the width 
first); thickness of material, molded or plain; style of check-rail 
and sill finish; thickness of muntins, whether plain, single, or 
double hung; and sizes (giving dimensions in inches) and num- 
ber of lights. Use standard sizes as much as possible. 

Doors.—Describe and state the sizes and thicknesses of all 
doors; whether the framing is stock-molded, raised-molded, or 
plain; and the number of panels, whether plain or raised. Use 
stock sizes wherever possible and suitable. 

Blinds.—Describe the size and thickness of blinds, whether 
paneled or slatted (fixed or movable), molded or plain. 

Baseboard and Beam Casings.— Measure the baseboards and 
beam casings by the running foot, stating the width and thick- 
ness of the stuff, and whether molded or plain. 

Wainscoting—Measure the wainscoting by the superficial 
foot. State the kind of finish, whether paneled or plain, and 
the style of moldings and panels. Measure the wainscoting 
cap and base by the running foot. 

Stairways.—Stairways are generally taken by the contractor 
at a unit price per step, including everything complete according 
to the specifications. In measuring stairways take off the 
amount of rough material in carriage timbers, and the planed 
lumber in treads, risers, and strings. Measure balustrades by 
the lin. foot. Give the size of newels and the style of treatment. 
Measure spandrel and stairway paneling the same as wainscot- 
ing. 

Fixtures.—Kitchen dressers may be taken at a fixed price 
complete, or at a fixed rate per sq. ft., or as dressed lumber, 
drawers and doors being taken off separately. Wardrobes, 
bookcases, mantels, and china closets should be treated sepa- 
rately, and a fixed price stated. Porches, exterior balustrades, 
balconies, porte-cocheres, etc., may be taken at a price per lin. 
foot, or the actual quantity of material may be measured. 


ESTIMATING COSTS OF MILLWORK 


Many of the items used in the finish of buildings are made in 
stock, or standardized, designs which are shown in catalogs 
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together with their prices. These items can be purchased at 
any time from the mill issuing the catalog. Lumber yards also 
carry stocks of moldings, door and window frames and trim, 
and other items of finish which can be purchased readily. 

Special designs for exterior and interior finish are also made 
at mills from details furnished by the owner or builder. The 
prices of special work are naturally greater than those of stock 
work. 

The mill work is sent to the buildings and is erected by car- 
penters. The elements of cost are therefore the cost of the 
product of the mill and the cost of applying at the building. 

Moldings are sold by mills and lumber yards by the hundred 
linear feet. The prices per hundred linear feet vary according 
to the kind of wood of which the molding is made and the size 
of the strip of lumber out of which the molding is worked. 

Thus, a ”X1}” molding will be made from a 1” 13” strip 
of lumber. In charging for moldings the price is based on the 
latter area of coss-section. 

A unit used in measuring and pricing moldings is the molding 
inch. A molding inch is equal to a strip 1 in. square and 1 ft. 
long. A molding of #”14” cross-section will contain 14 mold- 
ing inches per foot of Jength, as it is made from 1” 14” mate- 
rial. A molding of 2” X 2” section is made from 1” 1” lumber. 
Each foot in length will contain 1 molding inch. In 100 lin. ft. 
there will be 100 molding inches. 

The following list gives approximate prices of 100 lin. ft. of 
moldings made of commonly used wood, for moldings having 

1 sq. in. of cross-section. In other words, the prices are for 100 
molding inches of moldings. In using this list, the prices may 
be used for 100 lin. ft. of molding or 100 molding inches. 


White pine....$4.50 Poplar...... $4.00 Yellow pine..$4.00 
Quartered oak 8.00 Plain oak.... 7.00 Cypress..... . 4.00 
Basswood... 4.00 


A 3”X48"”X100’ molding made of quartered oak will cost 


5X38, or $40 per 100 lin. ft. 
_ The cost of applying moldings varies, so that no useful data 


can be given regarding this cost. 
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Cost of an Exterior Doorway.—The items that must be ‘con- 
sidered in estimating the cost of an exterior door frame and 
door are the frame, consisting of the jambs, head, sill, the exterior 
trim, the interior trim, and the door. 

The cost of an ordinary doorway in a stud wall, formed of 
2”X4” studs sheathed and covered with bevel siding on the 
outside, and plastered on the inside, may be analyzed as fol- 
lows: The sides and head of the frame, including the outside 
trim, will be white pine, and the sill will be hardwood. The 
door itself will be oak, 3 ft.X7 ft. in size, with a glazed panel 
above and a wood panel below. The interior trim will be white 
pine. The prices are average prices for the materials as sold 
by lumber yards or mills: 


Nideyampss La” Noa “eer cess cares 
Sidevcasings le" S<S2". eat ce eres 2626 
HeadGjamb,/ 14" S fer a ce. ws 
b 1” 3a” 
Head casing) 14" 39% canine vas 4.52 $ 10.88 


DEIDCAD We X25 mie core toreterereri oot 
Hardwood sill, 13”X62”.......... 
Inside casing, §”X3§” (20 lin. ft.).. 3.60 
Back band, 13” 13” (20 lin. ft.)... 2.70 


Plinths, 2.@ 64 cents...¢..0.00ce6 1.28 7.58 
Doors 3/0" G10" Ka eee sieceipiels 75.00 75.00 
Hardware, lock and 3 butts........ 15.00 15.00 
Setting frame and outside casings, 
ADT AD EG2 OU eaten ci laieseieierctere 2.50 
Setting interior casings, 14 hr. @ 
S275 Occ cnetneleeirisio s eiarerecitntlecske 3.75 
Fitting and hanging door, 2 hr. @ 
S225 ON. cterselersvelors eiarere ieee ae chet 5.00 11.25 
Total cost of doorway......... Saretaes .. $119.71 


Profit and overhead snould be added to this cost. 


The item of cost of hardware ($15.00) should appear in the 
estimate of the hardware of the building. The cost of apply- 
ing the hardware is usually included in the cost of fitting and 
hanging the door. 
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Cost of Double-Hung Window Frame, Windows, and Trim. 
The cost of a double-hung window frame ina wooden building 
having walls formed of 2” x4” studs, with sheathing and bevel 
siding on the outside, and lath and plaster on the inside will 
be analyzed. A frame having a 2'10”X5/6” sash opening is 
considered a minimum, or base, size when pricing. In (A) in 
the following estimate are given the base prices for the parts of 
such a frame. The prices for larger-sized frames are greater. 
For each 2 in. or fraction thereof of width above the base size, 
5 per cent is added to the base cost of the horizontal parts of 
the frame. For each 2 in. or fraction thereof of extra height 
2% per cent is added to the cost of the vertical members. In 


(A) (B) 
2/10” X 5/6” Frame 3’4”X 6/0” Frame 

Head. jamb 

and sill.....$2.08 (horizontal) (add 3X5 per cent). ..$2.40 
Head casing.. 0.36 (horizontal) (add 3X5 percent)... 0.42 
Drip cap..... 0.32 (horizontal) (add 3X5 percent)... 0.38 
Side jambs. .. 2.56 (vertical) (add 3X24 per cent).. 2.76 
Side casings.. 1.14 (vertical) (add 3X24 per cent).. 1.24 


$6.46 $7.20 


(B) the costs for a 3/4”6/0” frame are shown. This frame is 
3/4” —2/10”, or 6 in., wider than the frame in (A), and 3X5 per 
cent = 15 per cent, must be added to the base prices of the 
horizontal members. The height is increased 6’0”—5/6” or 
6 in. and 3X24 per cent = 7} per cent must be added to the 
prices of the vertical members that are affected. 

The list (B) shows that the larger frame will cost $7.20. The 
prices are for knocked-down (k.d.) frames with pulleys in place 
and pockets cut. It will cost $2.50 to put the frame together. 
To set the frame in place will take one hour’s time and cost 
$2.50. 

Double-hung windows also come with frame assembled and 
sash hung by patented balances for a cost of about $25.00. 

The cost of interior trim for a 2/10” 5'6” window frame is 
about as follows: 
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Casings, #”X4§”X16/0"......... Sploteleidevelsie ll. 2240, 
Back band, 1475<1373<48'O" ic Sn iera sissies wisyeeiays 1.62 
Stoola C247 S610? ve erien seine oe tess wise oh ose OOS: 
Aprons E” <SAICGB'O falar co lsie.e sharaie nic di6.¢isvarchele 0.72 
Stops, #”X1#”X16/0”.......... eis@royaree son eted 0.96 

$6.18 


It will require about 1} hr. of a carpenter’s time to put the 
trim in place. At $2.50 per hour this will cost $3.75. The 
cost of the trim and its application will be $6.18+ $3.75 = $9.93, 

A window of standard size, 2/10” 5’6”, with the upper sash 
divided into three lights and glazed with single-strength glass, 
and the lower sash glazed with one light of double-thick glass 
will cost about $9.20 with the glass in place. The cost of cast- 
iron sash weights and cotton sash cord will be about $2.00 for 
the window. It will require about 4 hr. of the carpenter’s 
time to fit a window (2 sash). This will amount to $1.25. It 
will require 4 hr. to hang the window and to apply the cord and 
weights. This will also cost $1.25. The hardware required 
for a window will consist of a sash lock, and a pair of sash lifts, 
and will cost about $2.60. It will require about 1 hr. to apply 
the lock and lifts, and will cost $2.50. 


Summary of Costs.—The costs of a complete standard-size 
window, including frame, exterior trim, interior trim, window. 
sash cord and weights, and hardware, will be about as follows 


Frame (k.d.) including exterior trim........ . $ 6.46 
Putting frame together: cusses ecaeiiee cs ve ee 2.50 
WEUUIIS AEAIIC bins hiclsccisreretes eit izcietelere ete ;: 2.50 
Rnterior triton vccncce easiseenies cere tee 6.18 
Piacins interior trim... terest etaelere arte mere Salo) 
Window. (elazed)!c:-s ey sscelehiw cnc cote erate 9.20 
Sash cordvanGawerwents. seteclcerere eleclercicis siecle 2.00 
Pitting windowa's csc\s eae cclee ce veel se sene 1225 
Hanging window (including cord and weights) 1.25 
SASH LOCK aac MEGS a -\sleeicle oravetotincsore mic iete Rao bo 2.60 
Applying lock and lifts....... Deters ele pie areal . 2.50 


Total’ cost cece aciacee es aiclviniateteletpeteacs tes ee LOL, 
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Stairs.—The cost of stairs will vary greatly with the character 
of the design, the materials selected, and the workmanship. 
A good idea of the cost of the labor and material for an average 
staircase consisting of a straight run of stairs with a newel at 
the top and bottom is given in the following table. An open 
string is included with the balusters dovetailed into the treads. 
A gooseneck is indicated, also an easing or easement. In the 


COST OF STAIRS 


(One Straight Run, Open String, Newels, Balusters, Railings, 
étc., 15 Steps) 


lWhite Yellow| Plain 5 
Pine | Pine | Oak | Birch 


Strings, face, 2” 11”X16’ =16’ 


ONE otcTaNe atone, steve lea sakeuyers $ 5.40/$ 5.00/$ 6.70|$ 7.20 
Strings, wall, 3”x11”X16’ 

SRTOUAGA oie ego ac oke soche leaca, shass vo\ obs 5.40 5.00 6.70 7.20 
IBOttom Step .\2i. cide slecsioceiee sss j0.0 10.75} 12.50) 12.50 
areads, Aa” 114" K4’X 15... 37.50} 42.50) 45.00 
Risers, 4” X79" KA" K15 5... 17.00] 19.50} 21.00 
Nosings, 11”K14”X16" X15... 255 2.55 2.55 
Coves, 3” 2”X4'X15=60' 

BEN IPRE LR cies «cle iclslejere egodecets = 1.00 1.00 1.85 1.80 
Coves, #”X 2”X 12’ ‘X15 2 =15’ 

.M mote covetere é 0.25 0.25 0.50 0.45 
Newels, each, 3i L153 i 73/8" 4.75 0.00 6.00 
Railings, 2 19 ”X RANE 8.00} 12.80} 12.80 
Easement, each erates te eit aie Sri 4.20 5.50 5.50 
Gooseneck, each........+...4 6.75 9.00 9.00 
Balusters, 18718” X2’8” (45) 15.00] 18.00} 18.00 
Mitering treads and dovetailing 

(5) one Piaess sisleideeelcre ell 225020)" 25-20]. 25:20]. 25.50 
Carpenter’s time approx., 24 hr. $142 .95|$169.30|$174.20 

RD PE LEOO etereis Heveve) wtorlerevai'e ..-}| 60.00] 60.00} 60.00] 60.00 


Rough work, carriage, furring, 
wedging, etc., 3 hr. @ $2.50.| 7.50 7.50 7.56 7.50 


Total cost Of Stasis ssrereii o'6 $210.45 |$236.80/$241.70 


Since there are 15 steps, if the entire stair is of plain oak, for 
instance, the cost per step will be $236.80+ 15=$15.79. 
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table the parts are all of stock designs that may be purchased 
at a mill. Specially designed staircases should be estimated 
by experienced stairbuilders in order to obtain safe estimates 
of the costs. The figures given should be verified from the 
latest mill catalogs when estimates are being made. 


In making up an estimate, parts of the stairs that are made 
of different woods should be combined in one list. Thus, the 
strings and risers may be of white pine, the rails of birch or oak, 
the balusters of birch, the treads of oak or birch, etc. Select 
the prices of the required articles or parts from the proper 
columns in the table, place them in the list, and add for the 
total cost of materials. The cost of labor must be added 
according to. experience. 


ROOFING 
WOODEN SHINGLES 


The usual lengths of shingles are 16 and 18 in. Such shingles 
are sold by the thousand, on the basis of each shingle being 
4 in. wide. Usually each shingle is exposed 4 in. Therefore, 
each shingle will cover 16 sq. in., and 1,000 shingles will cover 
111.11 sq. ft. On account of the waste and cutting, however, 
1,000 shingles usually are estimated to cover one square of 100 
sq. ft., or one square, which is the unit by which roofing is 
measured. 


Cost oF WOODEN SHINGLES PER SQUARE 


1,000 Shing@lesn sis cove erie s sis wleterersiencte C ASOD SOOO $18.00 
5 lb. galvanized nails at $20.00 per 100 tb. eta 6 tisvesenotensiers 1.00 
4 hr. carpenter’s labor at $2.50 per hr............+:. - 10.00 
2 hr. helper’s labor at $2.00 per hr....... Suonevancpsusversiete a 4.00 

Total cost per square..... Helos caivieperdels ottidlarsielcaie eOSs OO) 


ASPHALT ROOFING 


Asphalt shingles are sold by the square, a sufficient number 
being included to cover one square of 100 sq. ft. The shingles 
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may be separate shingles about 8 in. X12 in., or strip shingles 
about 32 in.Xx12 in. The latter cover the space of four indi- 
vidual shingles.” 


Cost or ASPHALT SHINGLES PER SQUARE 
Using Individual Shingles 8 in. X12 in., Laid 4 in. to Weather 


dsquaren(450) shingles: sym cicleccse ocnslenoelavere teleoeerar $12.00 
4 lb. galvanized nails at $20.00 per 100 Ib............. 0.80 
43 hr. carpenter’s time at $2.50 per hr................ 11.25 
2 hr. helper’s time at $2.00 per hr............. Siyatis es 4.00 

Motalicost perm Square... cjiec’esaisieie-s + nate yesshes serene Saeni>Zou05: 


Using Strip Shingles 32 in.X12 in., Laid 4 in. to Weather 


Alacepuratie’s (Lill S) css ato les araicte ctaveterareiarersieteieue ios oleteyo cyaldie ets $10.00 
2 Ib. galvanized nails at $20.00 per 100 lb............. 0.40 
3% hr. carpenter’s time, at $2.50 per hr.............+. 8.75 
23 hr. helper’s time, at $2.00 per hr...........e+eeee- 5.00 

dotalicost per SQUATEt na «jcrcisivele se) Beers chohetelacecelerats $24.15 


Asphalt roofing is sometimes made in rolls 32 in. wide, each 
roll containing 1 square of roofing. This roofing is known as 
roll roofing, or prepared roofing. 


Cost oF Rott RooFING PER SQUARE 


1 roll (100 sq. ft.) roofing....... Onno nn one neon OnOnon $3.50 
Me Dare avanizecditiailss oe ai cieinustel wie ressicckesetosetacard ee le atest 0.20 
1 hr. carpenter’s time, at $2.50 per hr............0000% 2.50 
Thr: helper’s time; at $2.00! per hr. J Nad steer vie csicinne @eieinin 2,00 

MOPLANCOSt PET SAUATES av elelelore cel eres oteists elelarnre enone tet Ao) 


ASBESTOS SHINGLES 


Thin plates of asbestos and Portland cement are used for 
roofing. There are two general types. One kind includes the 
French and diagonal, or honeycomb, patterns, and the other the 
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American or straight-laid pattern. The latter resemble 
shingles or slates, and are laid in the same manner. 


Cost or AsBESTOS SHINGLE ROOFING PER SQUARE 
French and Diagonal Types, Using Plates 16 in. X16 in. 


1 'squareiasbestos Shingles 3.2.5. 2% ss. acoso ssoin eserelere aces tele $20.00 
Sisquare:40-ib. feltacs ose tise cere acis ticle sistas att haces 1.50 
2 lb. copper nails, at $60.00 per 100 Ib................ 1.20 
90 storm nails, copper, at 1¢ each .............0.06- * 0.90 
Suhr. Slater's: time;.ati S2so0 sper ts. «cis o.cqe-eis/s te sir elsse ae 7.50 
2°hr. helper’stime,.at $2.00 per hr. soc: «ces oc ceiviews ae 4.00 

Dotalicostiper Suave ys vs cclescie eiereiere'sie ate laherstainiers Sioxe $34.20 


American Type Shingles 8 in. X16 in., Laid 6} in. to Weather 


L isquarerasbestos Shingles <i... .c0 sce sewers sedete.els - $40.00 
E Square: 40-Ts Telit... s vice Sass Sewanee cue oe tare interes 1.50 
3 lb. copper nails, at $60.00 per 100 Ib................ 1.80 
2threslaters*time, atio2.50 per ares wines cite e ereraieine 5.00 
4 hr. helper’s time, at $2.00 per hr....... alslcisisicvetet ieee 8.00 

Total Cost Per: SQUATEs c-..0-c0/ el ere wwe serene Wielace mia ere eae OLSO 


SLATE ROOFING 
Cost oF SLATE RooFING PER SQUARE 


Using Bangor Slate 8 in.X16 in. and 3 in. Thick, Laid With 
3 in. Lap, 6} in. to the Weather 


1 square slate, including freight and hauling.......... $30.00 
3 lb. copper nails at $60.00 per 100 Ib............... 3 1.80 
dtsauare:slaten Sitelbe cela tie atone oistels sieve cranereenre i 1.50 
5:hr. slater!s time, abi$2:50 per Dr... s:steionsve exe stose stenevors 12.50 
5 hr. helper’s time, at $2.00’per hr..........ecees0ee0 10.00 

Total cost per'squarevsn <ajjeteae eae cee pravaier ae) sisteusie) PPO ATOO. 


Vermont slate, 8 in. X16 in., and 34 in. thick, laid with 3-in. 
lap, will cost $3 per square more, or $57.30. 
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This estimate is for ordinary roofs. If the roof is steep, or: 
cut up with hills or valleys, the cost will be increased from 5 to: 
20 per cent. 


TILE ROOFING 


Tile roofing is made in a number of styles. In most of these: 
styles special tiles or shapes must be cut for such places as the: 
eaves, valleys, hips, ridges, etc. All special work must be 
carefully measured and the dimensions sent to the tile manu- 
facturer both for estimating and for manufacturing the tile. 
For this reason the cost of tile roofing will vary with the design 
of the roof. 

A typical style of tile is known as the Spanish, or S tile, on 
account of the shape of the surface. For an ordinary roof the: 
cost per square will be about as here shown: 


Cost or SPANISH TILE ROOFING PER SQUARE 
Using Plain Tile, With Average Number of Hips and Valleys 


MSquatectt Cae cteara terre Ente ge cteds Wl ovate aie closeiel ess lotexe - $60.00) 
1 square 40-lb felt......... PN CUE et ay PCE AC AIA 1.50 
4 lb. 5d. copper nails at $60.00 per 100 lb............ a bw 240) 
8 hr. tile layer’s time, at $2.50 per hr...............2. 20.00: 
8 hr. helper’s time, at $2.00 per hr............0..00- 16.00: 

Total cost persquares.siewicie sce ctee abate ciate siolee +++ $99.90) 


If green-surfaced tile is used, the price for the tile will be 
increased $5.00 per square. If glazed green tile is used, the: 
price will be increased $20.00 per square. 


TIN ROOFING 


Tin roofing is estimated by the square of 100 sq. ft. Hips. 
and valleys are measured 1 ft. wider their entire length to. 
compensate for increased labor and waste of material in cutting 
and laying. A sheet of tin plate 14 in. X20 in. with 4 in. edges. 
turned all around measures 13 in.X19 in., or 247 sq. in. Tin 
is sold by the box, each box containing 112 sheets 20 in. X28. 
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in. or the equivalent in sheets one-half the size, (14 in. X20 in). 
or one quarter the size, (10 in. X14 in.). 


Cost oF Tin RooFING PER SQUARE 
Using Sheets 14 in.X20 in. Flat Seam 


63 sheets 14 in. X20 in. at $26.00 per box............. $14.63 
TAbesoldersat GOS per lb. aoe 5 caste oe ee oes orele atacee eters 4.50 
Chareeal, Aas ose. hate acs ere teats ae ae ene eet 1.00 
Silbeinails' at $2500 per {00 Tbs... se... ee we tae cele 0.75 
4rht. tinner’s time, at $2.50 perhrin. dices os siieic cle eos 10.00 
4 hr. helper’s time, at $2.00 per hr..............25006 8.00 
Patines (both sides) tons ccleletoiseielsiereielelelcvemreieietesietetets 7.00 

Toval Cost Per squares. sacle + ves we tierra astieaa ets $45.88 


When sheets 10 in. X14 in. are used, the cost of material and 
labor will be increased about $8.00 to $10.00 per square, or 
about 20 per cent. 


CANVAS ROOFING 
Cost or Canvas RooFInc PER SQUARE 
Using Canvas 36 in. Wide 


Canvas roofing is figured by the square, including the labor 
of laying and painting. 


12¢ yd. canvas; at: $2.00: per yd.nc ances centers ve tucker . $24.45 
Qibicopper Lacks.at SOC eT lees a aicieiseustere!steiencu eaatecore i 1.00 
Decale Datiaty, CLECOAS late: dvouss ekenay skekerstaycvetelesene tenets Cane ‘ 6.00 


4 hr. mechanic’s time laying and painting at $2.50 


The cost per square (100 sq. ft.) of composition roofing will 
depend on the number of thicknesses of felt and the quantity 
of pitch used per square. It will also be affected by the height 
of the roof from the ground, and the number of objects, such as 
skylights and chimneys, that proiect through the roof. 
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Composition roofs are made 3-ply, 4-ply, and 5-ply. A 
good 4-ply roof on boards consists of 1 ply of unsaturated felt, 
4 layers of saturated felt cemented together with pitch or tar, 
and covered with a coat of pitch in which is embedded a layer 
of crushed stone or gravel, and will cost about as follows: 


Felt, unsaturated, 1 ply, 110 sq. ft. @ $0.75 per 100 


SOUSELIS cite ere ara eter scpaeenTer ate lore ejacrcheee ears eceieselere Bite. 6 $ 0.83 
Felt, saturated, 4 plies, 440 sq. ft. @ $1.50 per 100 sq.ft. 6.60 
Tar or pitch, 185 lb. ‘@ $2.00 per 100 lb.............. 3.70 
Nails and caps, @ $0.25 per 100 sq. ft............2005 0.25 
Gravel) 400N1b.2@'S5i00ipertome, ...</e\eiate eve icusioteiciolelove 5 1.00 
Roofer.tthr@) $2150 per shri. eres sietieieve lor ttsloletel chelate sit 2e50 
Mel perl thr s:@u$2/00i pershr x. \sverele oss tele sla woleze wieleisloug 2.00 

Total cost per square....... Gite neue Soy SRTOUS Toner Olehe Lal stevens $16.88 


A 4 ply roof on concrete slabs will cost about $1.00 per square 
more, or about $18.88. A 3-ply roof on boards will cost about 
$1.00 less per square than a 4ply roof. A 5-ply roof will cost 
$2.00 more per square than a 4-ply roof. A 5-ply ‘Barrett 
Specification” roof will cost about $20.00 per square. 


LATHING, PLASTERING, AND STUCCO 


Measurement.—Lathing and plastering are measured by the 
square yard. Measurements for walls are taken from floor to 
ceiling, and for ceilings from wall to wall. Where the walls 
contain one or more angles between the floor and ceiling line— 
for example, under pitched roofs—the measurement for the 
ceiling is taken from wall to wall at the ceiling line; and the 
measurement for the height of the wall is taken from floor to 
highest point of ceiling. 

In plastering, openings are measured between grounds. 
Many estimators do not deduct for the usual door and window 
openings. Other estimators do not deduct for openings of 2 
ft. or less in width, but deduct one-half of the contents for 
openings 2 ft. or more in width. The latter procedure will be 
followed here. An exception is made for store-front openings, 
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for which the entire contents are deducted. The contractor is 
allowed 1’6” for each jamb by the height of the opening when 
the return.or reveal is less than 1’. No openings are deducted 
from solid- or hollow-metal lath-and-plaster partitions.. Nor 
are deductions made for openings in suspended ceilings contain- 
ing less than 100 sq. ft., where furring is carried around such 
openings by the plasterer. No openings are deducted from 
cement wainscot or base. 

For each external and internal angle on all beams or girders 
projecting below the ceiling line, add 1 ft. of width by the total 
length, to the actual area. All corner angles of more or less 
than 90° (degrees), beads, bullnoses, quirks, rule joints, and 
moldings are measured in linear feet on their longest extension, 
and 1’ is added for each stop and miter. 

The length of cornices is measured by the total length of 
the walls. Plain cornices of 1 ft. or less in girth are measured 
on the walls by the linear foot. Plain cornices exceeding 1 ft. 
in girth are measured either by the square foot of exposed sur- 
face or by the linear foot; the girth of each cornice is stated. 
Add 1 lin. ft. for each stop or internal miter, and 3 lin. ft. for 
‘each external miter. Enriched cornices (cast work) are esti- 
mated by the linear foot for each enrichment. 

Arches, corbels, brackets, rings, centerpieces, pilasters, 
columns, capitals, bases, rosettes, bosses, pendants, and niches 
are estimated by the piece. Ceiling frieze plates are estimated 
by the square foot. All plain plastered columns are measured 
by the linear foot, or by the square yard, found by multiplying 
the girth by tne height. Cement wainscot is measured by the 
‘square foot or square yard. Cement base is measured by the 
linear foot. Circular or elliptical work on a small radius is 
estimated at twice the rate of straight work. 

Grounds for various classes of plastering, unless specified 
otherwise, are as follows: 


For 2 or 3 coats of gypsum-cement plaster on gypsum block 3 in. 
For 2 or 3 coats of plaster on brick or tile $ in. 
For 3 coats of plaster on metal lath = in. 


For 2 or 3 coats of plaster on gypsum lath or plasterboard % in. 
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Where metal lath is mentioned, reference is to all wire or 
metal lath. Wood lath is seldom used today, and the use of 
wood lath is, therefore, not dealt with in this text. 

Lathing and plastering are estimated by the unit of 100 
sq. yd. (square yards). 

Scaffolding is the property of the plaster contractor, and 
is included in the overhead costs. Scaffolding is placed and 
removed by the plasterer’s helper as part of his regular work. 


Channels and Studs.—Cold-rolled channels are used as 
supports for metal lath for ceiling work and partitions. They 
are supplied in standard sizes and weights. The ? in. size has 
ai2in.face and is } in. deep. It weighs 300 lb. per thousand 
feet and is packed 20 pieces to the bundle. The 1} in. size is 
13% in. wide and approximately 4 in. deep. It weighs 475 lb. 
per thousand feet and is packed 10 pieces to the bundle. The 
price of steel fluctuates and for each new estimate the cost of 
the required amount of channels should be obtained from the 
jobber. 

Where an unusual degree of fire resistance is required, hollow 
metal studs are used for hollow partitions. These studs are 
manufactured by several producers of metal lath in 24-in., 
34-in., 4-in., and 6-in. widths. They are designed to permit 
the enclosure of conduits, pipes, and other concealed work. 
The framework at the top and bottom of the partitions consists 
of channel tracks which are anchored to the ceiling and floor. 

The cost of 100 sq. yd. of hollow-metal-stud partition, with 
studs on 24 in. centers, is determined as follows: 


Top track 105 lin. ft. @ $0.07=$ 7.35 
Bottom track 105 lin. tt. @ .07= 7.35 
Studs 9 ft. long and 24 in. on 

centers, 51 490 lin. ft.@ .07= 34.30 
Ribbed lath 214sq.yd.@ .50= 107.00 
‘Tie wire 10 lb. @ 0.22= 2.20 
Lather 32 br, @ 3.25= 104.00 

Total cost for 100 sq. yd. $262.20 


Allowance made for framing openings. 
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Lath.— Gypsum lath is furnisned in thicknesses of either 3 in. 
ot 4in. The usual gypsum lath is 16” 48”, which will fit tne 
common stud and joist spacings. The cost of applying gypsum 
lath to wood studs and joists will be about as follows: 


Gypsum lath, ? in. thick 100 sq. yd. @ $0.33 = $33.00: 
Nails, 14 in., 13-gage flathead 
blued 7 |b. @ 0.15= 1.05 
Lather Shr. @ 3.25= 26.00 
Total cost per 100 sq. yd. $60.05 


Gypsum lath backed with aluminum foil costs about $0.02 
a square foot more than plain lath. 

When metal lath nailed or stapled to wood studs and wood 
ceiling joists is used as a plaster base, enough lath is needed to. 
equal the actual areas to be covered plus from 4 to 7 per cent. 
for lapping edges and ends. Depending on the areas involved, 
a lather will apply 90 to 110 sq. yd. of lath in an 8-hr. day. The 
cost of 100 sq. yd. of metal lath applied on wood studs and joists, 
allowing 5 per cent excess for lapping, will be used as follows: 


Metal lath 105 sq. yd. @ $0.45 = $47.25 
Nails or staples 15 lb. @ 0.20= 3.00: 
Lacing wire 1 lb. @ 0.22= 0.22 
Labor applying 10 hr. @ 3.25= 32.50 

Total cost per 100 sq. yd. $82.97 


The metal lath used in this estimate weighs 3.4 lb. per 
square yard. 

To apply a metal-lath ceiling on metal furring, the lath must. 
be tied to the furring. The cost of 100 sq. yd. of metal lathing 
suspended from metal furring, allowing 5 per cent excess for 
lapping, will be about as follows: 


Metal lath 105 sq. yd. @ $0.45 = $47.25 
Tie wire 5 lb. @ 0.22= 1.10: 
Labor 10 hr. @ 3.25= 32.50 


Total cost of 100 sq. yd. $80.85 
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The metal furring that will be required in an average situa- 
tion to support 100 sq. yd. of suspended metal-lath ceiling will 
cost about as follows: 


Metal hangers, }-in. rods 55 lb. @ $0.10=$ 5.50 
2-in. channels 550 lb. @ 0.10= 55.00 
#-in. channels 380 lb. @ 0.10= 38.00 
Wire 43 lb. @ 0.22= 0.99 
Labor 27 hr. @ 3.25= 87.75 

Total cost of 100 sq. yd. $187.24 


Corner beads are usually applied to the projecting corners 
of walls. A good corner bead will cost about $0.08 per linear 
foot, and setting it plumb and true will cost about $0.10 a foot. 


Ribbed lath, if used, will cost about $0.50 per square yard. 
This material may be used on heavy suspended ceilings in 
place of ordinary metal lath. The cost of 100 sq. yd. of % in. 
ribbed lath, allowing 5 per cent for lapping, will be about as 
follows: 


Ribbed lath, 2 in. 105 sq. yd. @ $0.50=$ 52.50 
Tie wire 5 lb. @ 0.22= 1.10 
Labor 18 hr. @ 3.25= 58.50 

Total cost per 100 sq. yd. $112.10 


Two-Coat Gypsum Plaster.—The cost of two-coat plastering, 
using gypsum plaster, white finish, on brick or structural-clay- 
tile walls with §-in. grounds, ordinary grade of work, per 100 
sq. yd. is as follows: 


Base coat—1:3 


Gypsum plaster 11 bags (1,100 lb.) @ $1.50 = $16.50 
Sand 14 cu. yd. @ 4.55= 6.07 
Plasterer 9 hr. @ 3.25= 29.25 
Laborer 6 hr, @ 2.20= 13.20 §$ 65.02 
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Finishing coat, white finish 
Finishing hydrated lime 7 bags @ $0.85=$ 5.95 


Plaster, gaging 12 bags @ 1.30= 1.82 

Plasterer 8 hr. @ 3.25= 26.00 

Laborer 4 hr. @ 2.20= 8.80 42.57 
Total cost, base and finish, per 100 sq. yd. $107.59 


If the brick or terra-cotta wall is very uneven, add 10 to 
15 per cent to the price of the base coat. 

The cost of two-coat plastering, gypsum plaster, sand finish, 
on brick or terra-cotta walls, $-in. grounds, per 100 sq. yd. is 
as follows: 


Base coat (as found earlier) $ 65.02 
Finishing coat, sand finish 

Gypsum plaster 2 bags @ $1.50=$ 3.00 

Sand }eou.yd.@ 455= 0.65 

Plasterer 84 hr. @ 3.25= 27.63 

Laborer 4, -hr, @ 2.20= 8.80 40.08 


Total cost of base and finishing coats per 100 sq. yd. $105.10 


The cost of two-coat gypsum plaster on gypsum lath, white 
finish, 3-in. grounds, per 100 sq. yd. is as follows: 


Base coat 
Gypsum 
plaster 10 bags (1,000 lb.) @ $1.50= $15.00 
Sand 1 cu. yd. @ 455= 4.55 
Plasterer 8 hr. @ 3.25= 26.00 
Laborer 6 hr. @ 2.20= 13.20 $ 58.75 
Finishing coat, white finish (as found earlier) 42.57 


Total cost, base and finish coats, per 100 sq. yd. $101.32 


Three-Coat Gypsum Plaster—The cost of three-coat 
gypsum plaster on metal lath, §-in. grounds, white finish, per 
100 sq. yd. is as follows: 
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Scratch coat—1:2 
Fibered gypsum 


plaster 8 bags @ $1.50=$12.00 
Sand Zcu.yd.@ 4.55= 3.04 
Plasterer of Takes @ 3.25= 16.25 
Laborer 5 hr. @ 2.20= 11.00 $ 42.29 


Brown coat—1:3 


Gypsum plaster 12 bags @ $1.50=$18.00 

Sand 1gcu.yd.@ 4.55= 6.07 

Plasterer 9 hr. @ 3.25= 29.25 

Laborer 6 hr. @ 2.20= 13.20 66.52 

Finishing coat, white finish (as found earlier) 42.57 
Cost per 100 sq. yd. $151.38 


Three-Coat Plaster Using Light-Weight Aggregate.—The 
cost of three-coat plastering on metal lath, using gypsum 
plaster, perlite or vermiculite aggregate, white finish, per 100 
sq. yd. is as follows: 


Scratch coat—1:2 


Gypsum plaster 11 bags @ $1.50=$16.50 
Aggregate 22 cu. ft.@ 040= 8.80 
Plasterer 5 hr. @ 3.25= 16.25 
Laborer 5 hr. @ 2.20= 11.00 $ 52.55 


Brown coat—1:3 


Gypsum plaster 13 bags @ $1.50= $19.50 

Aggregate 39 cu. ft. @ 0.40= 15.60 

Plasterer 8 hr. @ 3.25= 26.00 

Laborer 6 hr. @ 2.20= 13.20 74.30 
Finish white coat (as found earlier) 42.57 


Total cost, base and finish coats, per 100 sq. yd. $169.42 
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Keene’s Cement Finish.—In such locations as kitchens, 
bathrooms, laundries, and toilet rooms where Keene’s cement 
is used for a finish white coat over a gypsum-cement or portland- 
cement brown coat, the cost per 100 sq. yd. would be about as 
follows: 


Keene’s cement 4 bags (400 lb.) @ $3.20=$12.80 
Hydrated lime 2 bags (100 lo.) @ 0.85= 1.70 
Plasterer 12 hr. @ 3.25= 39.00 
Laborer 6 hr. @ 2.20= 13.20 

Cost of finishing coat, per 100 sq. yd. $66.70 


For ruling Keene’s-cement wainscotings to imitate tiling, 
per 100 sq. yd., add approximately 12 hr. at $3.25 an hour, or 
$39.00, to tne plasterer’s time of $39.00. 


Ornamental Plastering.—Plaster cornices less than 12 in. in 
girth are usually measured by the linear foot. For cornices 
over 12 in. in girth, surface measurement is used. Enriched 
cornice members, such as carved moldings, are measured by 
the linear foot for each row of enrichment. For internal angles 
or miters, add 1 ft. to the length of the cornice; and for external 
angles, add 3 ft. to the length. Sections of cornices less than 
12 in. in length are measured as 12 in. Add one-half of the 
length for raking cornices. For octagonal, hexagonal, and 
similar cornices less than 10 ft. in single stretches, measure one 
and one-half times the length. 

This method takes care of tne extra labor, but results in the 
listing of more material than is necessary. This must be con- 
sidered when materials are ordered from the estimating lists. 

Column and pilaster capitals, frieze enrichments, and work 
of this character—all of which require artistic treatment—are 
either made to conform to the models furnished by the architect, 
or modeled from the architect’s designs. If they are modeled 
from the architect’s designs, the models are submitted to the 
architect for approval. Models are expensive and prices are 
usually obtained from specialists in this work. Where metal 
lath and furring are required for ornamental plaster, tne cost of 
this work must be included in the estimate. 
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Stucco.—Exterior plaster is commonly known as stucco. 
Most of the stucco used today is portland-cement stucco con- 
sisting of portland cement, sand, and a small percentage of lime. 
Prepared stucco is factory-mixed by the manufacturer in the 
proper proportions to give the required textured finishes and 
colors. 

The cost of three-coat portland-cement stucco on metal 
lath over wood framing, float finish, per 100 sq. yd. is as follows: 


Scratch coat—1:3 


Portland cement 8 bags @ $1.35=$10.80 
Hydrated lime 1zgbags @ 0.85= 1.19 
Sand gcu.yd.@ 4.55= 4.04 
Plasterer 6 hr. @ 3.25= 19.50 
Laborer 6 hr. @ 2.20= 13.20 $ 48.73 


Brown coat—1:3 
Portland cement 16 bags @ $1.35=$21.60 


Hydrated lime 2tbags @ 0.85= 2.13 
Sand 1gcu.yd.@ 455= 8.09 
Plasterer 12echr, @ 3.25= 39.00 
Laborer Sats @ 2.20= 17.60 88.42 


Flvat finish coat 
Waterproof portland 


cement 5 bags @ 1.35= 6.75 
Sand gcu.yd.@ 4.55= 2.53 
Plasterer 12) hr, @ 3.25= 39.00 
Laborer 6 hr. @ 2.20= 13.20 61.48 
Total cost per 100 sq. yd. $198.63 


If a smooth, troweled finish is required, add 4 hr. to the 
plasterer’s time. If a textured finish coat is called for, add 
z hr. to the plasterer’s time. 

The cost of three-coat colored cement stucco on metal lath 
over wood framing, float finish, per 100 sq. yd., is about as 
follows: 
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Scratch coat (as found earlier) $ 48.73 
Brown coat (as found earlier) 88.42 


Float finish coat 
Waterproof white 


cement 2 bags @ $3.00=$ 6.00 
Hydrated lime 2 bags @ 0.85= 1.70 
White sand %cu. yd. @ 6.00= 1.33 
Color 18 lb. @ 0.30= 5.40 
Plasterer 12)ehirt @ 3.25= 39.00 
Laborer 6 hr. @ 2.20= 13.20 66.63 
Total cost per 100 sq. yd. $203.78 


The cost of three-coat portland-cement stucco, float finish, 
over a brick, clay-tile, or concrete-block surface, per 100 sq. yd., 
will be as follows: 


Scratch coat—1:3 


Portland cement , 6 bags @ $1.35=$ 8.10 
Hydrated lime 1 bag @ 0.85= 0.85 
Sand %#cu.yd.@ 455= 3.03 
Plasterer 6 hr. @ 3.25= 19.50 
Laborer Shr, @ 2.20= 11.00 $ 42.48 


Brown coat—1:3 
Portland cement 10 bags @ $1.35=$13.50 


Hydrated lime 14 bags @ 0.85= 1.28 
Sand licu. yd.@ 4.55= 5.06 
Plasterer 10 hr. @ 3.25= 32.50 
Laborer 6 hr. @ 2.20= 13.20 65.54 


Float finish coat 
Waterproof portland 


cement 5 bags @ $1.35=$ 6.75 
Sand gcu.yd.@ 455= 2.53 
Plasterer 12 hers @ 3.25= 39.00 
Laborer ! 6 br. @ 2.20= 13.20 61.48 


Total cost per 100 sq. yd. : $169.50 
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A dry, rough-cast finish is obtained by applying a }-in. finish 
coat over the brown coat. Tnis is brought to a straight, 
smooth finish, and dry aggregate is thrown onto the finish coat. 
To determine the cost of three-coat cement stucco with rough- 
cast finish coat on either metal lath or masonry, take the costs 
of the scratch and brown coats as found earlier, and add the 
following for the finish coat: 


Waterproof portland cement 4 bags @$1.35=$ 5.40 


Sand gécu.yd.@ 4.55= 2.02 
Aggregate (medium size) 4cu. yd.@ 66.00= 22.00 
Plasterer 20 hr. @ 3.25= 65.00 
Laborer ; 10 hr. @ 2.20= 22.00 

Total cost of finish coat per 100 sq. yd. $116.42 


Special Stucco Finishes.—A prepared stucco is available and 
may be used to obtain various colors and rough-textured 
finishes, such as Italian travertine, Spanish texture, California 
mission finish, and colonial finish. Thescratcn and brown coats 
of portland-cement mortar are applied in the usual manner for 
the kind of support being used. The final coat is then applied 
and finished by the manipulation of trowel, brush, sponge, or 
scraper. Thecost of 100 sq. yd. of scratch coat and brown coat 
are found as shown earlier. The cost of 100 sq. yd. of finish 
coat is about as follows: 


Special stucco material 1,250 lb. @ $0.03 = $37.50 
Plasterer 12hr.@ 3.25= 39.00 
Laborer 6hr.@ 2.20= 13.20 

Cost of 100 sq. yd. of special stucco finish $89.70: 


PAINTING AND PAPERING 
PAINTING 


Method of Measuring.—Painting is measured by the super- 
ficial yard or by the square of 100 sq. ft., allowing additions to 
the actual surface to compensate for the difficulty of covering 
deep quirks of moldings, for carved and enriched surfaces, etc. 


364 ESTIMATING 


Ordinary door and window openings are usually measured solid, 
on account of the extra time taken in working around them, 
cutting in the window sash, etc. Porch and stair balustrades, 
iron railings, and work having numerous thin strips are also 
figured solid, for a like reason. Additional charge is fre- 
quently made for work that is distant from the ground as 
cornices, dormers, etc., and also where the work is difficult 
of access. 

Charges are usually made for each coat of paint put on, ata 
certain price per yd. or square. 

Graining and marbling (imitations of wood and stone) and 
varnishing are rated at prices higher than plain work. 

Capitals and columns and other ornamental work which is 
difficult to measure, should be enumerated, and a clear descrip- 
tion of the amount of work on them should be given. 


Quantities.—If ready-mixed paint or paint mixed at the 
building is used, 1 gal. will cover 200 to 250 sq. ft. of wood 
surface,.two coats. For covering metallic surfaces, 1 gal. will 
cover from 300 to 350 sq. ft., two coats. The weight per gal. 
of paint ready to apply varies considerably, but, on an average, 
may be taken at about 16 lb. 


Miscellaneous Data.—Prepared shingle stains will cover 
about 150 sq. ft. of surface per gal., one coat, if applied with a 
brush; or this quantity will be sufficient for dipping about 300 
smooth shingles. Rough-sawed shingles will require about 
50% more stain than smooth ones. 

Five pounds of cold-water paint mixed with 1 gal. of water 
will cover 300 to 350 sq. ft. for the first coat on wood, according 
to surface condition, and about 250 sq. ft. on brick or stone 
surfaces. 

One gal. of liquid pigment filler, hard oil finish, or varnish, 
will generally cover from 300 to 400 sq. ft. of surface, according 
to the nature of the wood and finish. Ten pounds of paste 
wood filler will cover about 300 sq. ft. of surface. 

For glazing 100 lights of glass up to 20 in. X28 in., about 
100 1b. of putty will be required. 
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The following table gives the proportions of materials to use 


for paint to be used on wood: 


PROPORTIONS OF MATERIALS 


Japan 


¢ Lead Raw Oil Dri Turpentine 
pet Pounds Gallons Dike Gallons 
Priming 100 4 to6 1 to 14 14 to 24 
Second 100 14 to2 1 to 24 
Third 100 3 to. 3% j MAM | ieee Price ta 


One gal. of varnish weighs from 8 to 9 lb.; turpentine, about 


7 \b.; and boiled or raw linseed oil, about 8 lb. 


For puttying, about 5 lb. will be sufficient for 100 sq. yd. of 


interior or exterior work. 


For sizing, about 4 lb. of glue to 1 gal. of water is used. This 


mixture will cover from 800 to 1,000 sq. ft. of surface. 


Cost of Painting Exterior Work.—The following figures 
represent fair average prices for material and labor required « 


for 100 sq. ft. of surface on various classes of work: 


EXTERIOR PAINTING ON Woop 
Materials Labor 
Priming coat, new work $1.38 $3.12 
Succeeding coats, 1 color 1.25 2.50 


EXTERIOR PAINTING ON BricK WorkK 
Materials Labor 
Priming coat $2.58 $2.50 
Additional coats, 1 color 1.41 1.67 


EXTERIOR PAINTING ON METAL WorK 
Materials Labor 
1 coat red lead and oil, smooth surfaces $1.55 $1.25 


1 coat red lead and oil, structural sur- 
faces 2.15 1.50 


Additional coats, red lead and oil, each 2.15 1.75 


Total 
$5.00 
3.75 


Total 
$5.08 
3.08 


Tota 
$2.80 


3.65 
3.90 
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SHINGLE STAIN 


Materials Labor 


Dipping, per 1,000 (to coveri square) $12.00 $1.25 
1 brush coat on roof 3.00 1.63 
Additional brush coats, each 2.75 1525, 


Total 


$13.25 
4.63 
4.00 


Cost of Finishing Interior Woodwork.—The cost of painting 


interior woodwork per 100 sq. ft. will be as follows: 


Materials Labor 


Priming, lead, and oil $0.95 $1.88 
Additional coats, 1 color 1.35 2.25 
1 coat enamel 1.50 2.50 


Harpwoop FInisH 


Materials Labor 
1 coat paste filler, and removing surplus $0.78 $1.88 


1 coat liquid filler -78 1.88 
1 coat shellac 88 1.25 
1 coat varnish 1.86 1.25 
Sanding between varnish coats 25 1225) 
Rubbing to dull finish 25 DAs 
1 coat wax \ .67 2.50 
1 coat stain 1.26 1.25 


Total 


$2.83 
3.60 
4.00 


Total 


$2.66 
2.66 
PANE 
3.11 
1.50 
2.40 
3.17 
2eom 


Cost of Finishing Hardwood Floors.—The cost of finishing 


hardwood floors per 100 sq. ft. is estimated as follows: 


Materials Labor 
Paste filler, applying and removing 


surplus $0.78 $1.88 
1 coat shellac 0.88 1.25 
1 coat wax 0.67 0.75 
1 coat varnish 1.86 1.88 
Sanding between varnish coats 0.25 1.25 
Rubbing to egg-shell finish 0.25 2.50 


Total 


$2.66 
2.13 
1.42 
3.74 
1.50 
2.75 
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Cost of Finishing Plastered Walls.—The cost of finishing 
plastered walls per 100 sq. ft. will be as follows: 


Materials Labor Total 


1 coat of calcimine, stippled $0.15 $0.80 $9.95 

Washing walls and removing old finish 54 54 

1 coat glue size .05 24 29 

1 coat varnish size -05 55 -60 

1 coat calcimine, smooth surfaces aly 48 -60 

1 coat calcimine, sand finish surfaces 15 rie) -70 
PAPERING 


Papering is usually figured by the roll, put on the wall. The 
paper is generally 18 in. wide, although some styles are made 
in 30- and 36-in. widths. In length the paper is either in 8-yd., 
or single, rolls, or in 16-vd., or double, rolls. In estimating the 
number of rolls required, allowance should be made for waste 
due to matching the pattern.. The amount required is deter- 
mined approximately as follows: Divide the perimeter of the 
room by 14 (the width of the roll in feet); the result will be the 
number of strips required. Find the number of strips that can 
be cut irom a roll, and divide the first result by the second; 
the quotient will be the number of rolls required. One-half 
the area of all openings more than 20 sq. ft. in area should ke 
deducted, in order to allow for cutting and fitting at such places. 
Add about 15% to the area to allow for waste in matching. 

The cost of wall paper is extremely variable, ranging from 
15¢ to $6, the highest prices being charged for double rolls; 
the average cost is probably 50¢ to 75¢ per roll for ordinary 
houses. A border 9 in. wide costs 15¢ per yd., and one 4 in. 
wide cists 8¢. Paperhanging costs from $1.25 to $2.50, per roll 
with strips butted, the lower figure being for the usual grade of 
work and the higher tor the double rolls. With lapped strips, 
the cost is less, being from 75¢ to $1.50 per roll. 


MISCELLANEOUS ESTIMATES 


Plumbing.—The prices of plumbing fixtures will depend on 
the type of equipment designated by the owner. Bath tubs 
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range from $85 up, lavatories from $30, water closets from $60, 
kitchen sinks from $60, and laundry trays from $25 for a single 
tub. Kitchen sinks are made in a great variety of styles and 
sizes from the small porcelain-enameled cast-iron sink to the 
large cabinet sinks with double-drainboard construction with 
two basins or one basin with garbage disposal and a dishwasher 
in place of the other basin. A hot-water tank costs about $50 
and a gas heater to heat the water about $75. 

The average price for fixtures ot suitable quality for a seven- 
to nine-room house with one bath will be about $500. Installa- 
tion would cost about $900, or a total of $1400 for the plumbing. 


Electric Wiring—The cost of wiring an ordinary house will 
depend upon the kind of wiring used. Pipe conduit to every 
outlet will cost about $15 per outlet, while flexible BX will cost 
about $13 per outlet. Electric fixtures will cost about $300 for 
an ordinary house. 


Heating.—The cost of hot-air heating installation is approxi- 
mately from 4 to 6% of the total cost of a house; the cost of 
steam heating is about 7 to 9%; and the cost of hot-water heat- 
ing is about 9 to 11%. In hot-air heating, about one-fourth of 
the cost is for labor. In steam heating and hot-water heating 
about one-sixth of the cost is for labor. 


Hardware.—The cost of hardware is best estimated by mak- 
ing an itemized list from the plans. The cost of hardware 
depends entirely on the quality of the hardware desired, and 
the best way to estimate on it is, after making the schedule, to 
select suitable designs and submit the list to a hardware dealer. 
An approximate estimate for ordinary buildings is 13% of the 
cost of the building. From 15 to 20% of the cost of the hard- 
ware will pay for putting it in place. 


INDEX 


A 
Addition, 3, 4 
Aggregates, 121 
Anchors, caps, and hangers, 
246 
Angles and arcs, 35 
Laying out, 64 
Approximate estimates, 327 
Arches, Centering for flat, 
177 
Combination, 177 
End-construction, 177 
Examples of, 196 
Forms and parts of, 195 
Safe loads on hollow tile, 


Side-construction, 175 
Structural clay tile, 175 
Weights of hollow-tile, 69 
Architectural terra cotta, 
149 
Architrave, 264, 290, 295 
Arcs, 35 
Areas of circles, 52 
of irregular figures, 44 
of polygons, 43, 44 
of round and square bars, 


155 
Asbestos shingles, 326, 349 
Ash trap, 204 
Ashlar and cut stone, 133, 
331 


front, 139 
Asphalt shingles, 348 
Astragals, 271 
Avoirdupois weight, 35 


B 


Backband, 295 
Ballogs, frame construction, 
3 


Bars, Reinforcing, 154, 155 
Base board, 298 
Bases, 298 
Bastard sawing, 232 
Bead, Staff, 290 
Beads, Corner, 210 
Beams, Bending moments 
on, 101-104 
Bending stresses in, 103 
Cantilever, 94 
Collar, 237 
Continuous, 94-96 
Design of, 103-108, 156- 
167 
Reactions of, 94, 95 
Roi Loscee COnceets 156- 
16 


Shear in, 97 
Shearing stresses in, 105, 


159 
Steel, 105-108 
Tail, 236 
Timber, 105-108 
T-shaped, 165-167 
Bending moment, 101-104 
Beveled siding, 275 
Blinds and shutters, 258 
Blocks for partitions, struc- 
tural clay, 184 
Plinth, 298 
Board measure, 303, 335 
Boards, Corner, 274 
Ledger, 245 
Roof, 310 
Bolts, 271 
Bond in brickwork, 143, 146 
in reinforced-concrete 
beams and slabs, 159 
Boxes, Wall, 250 
Braced-frame construction, 
242 
Braces, 238 
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Brick, Common, 143 
Enameled, 143 
Face, 143 
Hollow, 142 
Molded, 143 
Paving, 143 
Brickwork, Bond in, 143, 
146 
Estimating, 333 
Joints in, 146 
Laying, 146 
Measurement of, 333 
Mortar in, 148 
Bridging, Cross, 237, 240 
Herringbone, 237 
Building materials, Specific 
gravities of, 69 
Weights of, 69 
Built-up roofs, 313, 353 
Butts, 294 


Cc 


Caen stone cement, 221 
Cantilever beam, 94 
Canvas roofing, 326 
Caps for woden posts, 246 
Carpentry work per hour 
per man, 338 
Carpentry, Estimating quan- 
tities in, 335 
items, Costs of, 340 
Joints, 284 
work, Cost of, 340 
Casement windows, 269 
Casings, Mitered, 297 
Outside, 264 
Pilaster, 295 
Cast-iron columns, 112 
Ceilings, Fireproof, 183 
Cement, Caen stone, 221 
Elastic, 325 
floors, 208 
Keene’s, 221 
-lime mortar, 129 
Masonry, 131 
mortar, 128 
Non-staining, 135 
Portland, 120 
roofing tiles, 325 
sidewalks, 205 
Concurrent forces, 80, 83 


Cone, 48 
Center of gravity, 87-90 
Cees: for flat arches, 
7: 
Chair rail, 299 
Cheek-cut for rafters, 258, 
310 
Chimneys, 200 
Circles, Circumferences and 
areas of, 53-56 
Formulas for, 45 
Circular ring, 49 
Close valley, 316 
Collar beam, 237 
Columns, Cast-iron, 111 
Concrete, 167-170 
Design of, 108-112, 167- 
170 
Fireproofing of, 185-188 
Hooped, 167-170 
Lock-joint, 281 
Reinforced-concrete, 167- 
170 
Slenderness ratio for, 108 
Spiral, 167-170 
Steel, 109 
Timber, 110-112 
with lateral ties, 170 
Composition and resolution 
of forces, 80-86 
Concrete beams, 156-167 
cellar floors, 330 
columns, 167-170 
Cost of, 330 
Curing, 125 
Design of mix for, 123 
floors, 179 
for fireproofing, 179 
Ingredients for, 121 
Manufacture of, 125-127 
Mixing of, 125 
Placing of, 125 
Proportioning, 122, 123 
Quantities for, 124 
Reinforced (see 
forced-concrete) 
sidewalks, 205 
Slump test for, 123 
Concrete beams, 
Water-cement-ratio law 
for, 122 
Concurrent forces, 80, 83 


rein- 
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Cone, 48 
Continuous beams, 94-96 
Conversion factors, 39 
Coping, 136 
Copper, Gage, thickness, and 
weight of sheet, 321 
roofs, 321 
tiling, 322 
Corner beads, 210 
boards, 274 
posts, 235, 243 
Cornices, Estimating, 339 
Inside, 3 
Running plaster, 219 
Cost of asbestos shingle roof- 
ing, 350 
of ashlar and cut stone, 331 
of asphalt shingle roofing, 
349 
of brickwork, 334 
of buildings per cubic foot, 


of built-up roofing, 353 

of canvas roofing, 352 

of carpentry items, 340 

of carpentry work, 340 

of concrete, 330 

of gas-fitting, 368 

of hardware, 368 

of heating, 368 

of lathing, 356 

of millwork, 342 

of painting, 365 

of papering, 367 

of plastering, 357 

of plumbing, 367 

of roofing, 348 

of shingle roofing, 348 

of slate roofing, 350 

of stticco, 361 

of tile roofing, 351 

of tin roofing, 351 
Couple, 87 
Cremorne bolts, 271 
Cross-bridging, 237 
Crowning, 237 
Cube root, 9 
Cubes of numbers, 10 
Cubic measure, 35 
Curing concrete, 125 
Cylinder, 47 


D 


Dampness in hollow-tile con- 
struction, 217 
Decimal equivalents of frac- 
tions of a foot, 33 
equivalents of fractions of 
an inch, 32 
fractions, 4 
Decimals, Reducing common 
fractions to, 5 
to common fractions, Re- 
ducing, 5 
Operations with, 4, 5 
Deflection, 106 
Denominator, 2 
Design of beams, 103-108, 
156-167 
of columns, 108-112, 167- 


170 
of windows, 260 

Division, 3, 

Doors, Built-up, 288 
Double-acting, 292 
Dowel, 288 
Fitting, 294 


in frame wall, Outside, 
290 

in masonry wall, Outside, 
290 


in 2-inch partition, 292 
Mortise-and-tenon, 287 
Proportions for, 286 
Sliding, 292 
with glass panels, 292 
Double-reinforced beams, 
164-165 
Drawing, Geometrical, 57, 63 
Drop siding, 275 
Dry measure, 35 


E 


Eaves, 277 

Efflorescence, 207 

Elastic cement, 325 

Elastic limit, 76 

Elasticity, Modulus of, 76 

Ellipse, 4 

Enameled bricks, 143 

End-construction hollow-tile 
archy wi/5 

Espangolette bolts, 271 
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Estimates, Approximate, 327 
Estimating, Approximate, 
327 
asbestos shingles, 349 
asphalt roofing, 348 
brickwork, 333 
built-up, or composition, 
roofing, 353 
canvas roofing, 352 
carpentry, 335 
costs per square foot, 340 
costs of buildings per 
cubic foot, 327 
electric wiring, 368 
gas-fitting, 368 
hardware, 368 
heating, 368 
joinery, 341 
lathing, 356 
masonry, 328 
millwork, 341 
miscellaneous items, 367 
nails, 339 
ornamental plastering, 360 
painting, 363 
papering, 367 
plaster work, 357 
plastering, 353 
roofing, 348 
shingles, 348 
slate roofing, 350 
stairs, 347 
stucco, 361 
tile roofing, 351 
tin roofing, 351 
Evolution, 6 
Expanded-metal lath, 213 


F 
Face brick, 143 
Factors of safety, 78 
Fence for steel square, 305 
Finish, Inside, 284 
of hollow-tile walls, 194 
Outside, 274 
Finishes, Stone, 136 
Finishing coat of plaster, 
220 
Fink poe truss, Analysis of, 


Fire bricks, 143 


Fireplaces, 202-204 
Fireproof ceilings, 183 
floor system, Selection of 
a, 182 
floors, 175 
partitions, 183 
roofs, 183 
Fireproofing of columns, 187 
of girders, 188 
Flagpoles, 283 
Flashings, 314, 316, 325 
Flat aeauses Centering for, 
1 
Flat-seam tin roof, 319 
Flexure formula, 103 
Flooring, Estimating, 337 
Floors, Cost of painting, 366 
Fireproof, 175 
Gypsum-slab, 182 
Natcoflor, 182 
Reinforced-concrete, 179 
Selection of fireproof, 182 
Slab-and-beam, 180 
Flues, Dimensions and areas 
of, 201 
Footings, 172-174 
Forces, Composition and 
resolution of, 80-86 
Formula, Flexure, 103 
Formulas for areas of fig- 
ures, 43-46 
for bending moments on 
beams, 98, 99 
for cast-iron columns, 111 
for deflection, 106 
a moment of inertia, 91- 
3 
Formulas 
for piles, 175 
for reinforced-concrete 
beams, 156-168 
for reinforced-concrete 
columns, 168-170 
for section modulus, 91-93 
for shear on beams, 98, 99 
for steel columns, 109 
for timber columns, 111 
for volumes of solids, 47- 


Use of, 40 
Foundation beds, 170, 171 
Fractions, 2, 5 
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Frame diagrams, 113-119 
Framing, Balloon, 234 

Braced, 242 

Western, 240 

Roof, 253 
French windows, 269 
Frustum of cone, 48 

of cylinder, 47 

of prism, 48 

of pyramid, 48 
Barniee and grounds, 208, 

209 


G 


Gage for shingles, 315 
Gas-fitting, Cost of, 368 
Geometrical drawing, 57-63 
Girders, Fireproofing for, 188 
Girts, 243 
Glass, Crystal, 272 

Figured rolled, 273 

Plate, 272 

Prism, 274 

Sheet, 272 

tiles, 325 

Weight and thickness of, 


Window, 272 
Wire, 274 
Goosenecks, 279 
Granite, 127 
Gravity, Center of, 87-90 
Specific, 65 
Grounds, Wooden, 210 
Plaster, 354 
Gutters, 277 
Gypsum partitions, 183 
Gypsum lath, 356 
Gypsum-slab floor construc- 
tion, 182 
Gyration, Radius of, 94 


H 


Hair for plastering, 215 
Hangers, 246 

Hardness of woods, 229 
Hardware, Cost of, 368 
Head, Window, 261 
Headers, 236 

Heating, Cost of, 368 


Helix, 47 
Herringbone bridging, 237 
Hip-and-valley rafters, 258, 
308, 311 
Hip, Boston, 317 
Hollow tile floors, 191, 192 
Laying, 154 
Units of, 152 
walls, Construction of, 188 
walls, Dampness in, 207 
walls, Fastening roof to, 
193 
walls, Finish of, 194 
wall with brick veneering, 
194 
walls, Wooden floor joists 
on, 192 
Weight of, 69 
plow roof truss, Analysis of, 
14 
Hydrated lime, 130 
I 
Inertia, Moment of, 91-93 
Inside finish, 284 
Insulation, 239 
Involution, 6 
Irregular figures, Areas of, 
44 


J 


j, Values of, in reinforced 
conerete, 157-161 
Jack rafters, 258, 309, 312 

Jamb, Window, 261 
Joints in brickwork, 146 
in millwork, 284 
Mortise-and-tenon, 286 
Joists, 192, 235, 244 


K 


k, Values of, in reinforced 
concrete, 157, 161 
Keene’s cement, 221 


L 


Lateral ties in columns, 170 
Lath, Expanded-metal, 213 
Gypsum, 356 
Metal, 213 
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Plaster, 214 
Wire-mesh, 212 
Wooden, 212 
Lathing, Cost of, 356 
Types of, 212, 215 
Leader heads, 279 
Leaders, 278 
Ledger boards, 245 
Lime, Hydrated, 130 
mortar, 129 
Quick, 129 
Slaking, 127 
Limestone, 127 
Linear measure, 34 
Liquid measure, 36 
Loads, Dead, 66-71 


Live, 71-73 
Snow, 73 
Wind, 73-75 


Lock-joint columns, 282 
Long-ton table, 35 


M 
Mantels, 302 
Marble, 128 
Masonry, Bre, 142 
cements, 131 
Concrete (see Concrete) 


toons of estimating, 
Rubble, 132 
Masonry, 


Safe pressures for, 80 
Specific gravities of, 68 
Stone, 132 
Weights of, 68 
Mathematics, 1-56 
Measures, Units and _ sys- 
tems of, 34-40 
Mensuration, 43-56 
Metal lath, 212, 213 
Metals, Specific gravities 


or, 
Strength and properties 
of, 77 
Weight of, 66 
Metric system, 37-39 
Millwork, Cost of, 342-347 
Estimating quantities in, 


Joints in, 284 


Mirrors, 273 
Mixing concrete, 125 
Modulus of elasticity, 76 
Modulus of rupture, 76 
Molded bricks, 143 
Molding, Back, 295 
Picture, 300 
Raised, 290 
Moment, Bending, 101-104 
of force, 85 
of inertia, 91-93 
Resisting, 103 
Mortar, Cement, 128 
Data on, 130 
Lime, 129 
Masonry-cement, 131 
materials required for 
1,000 bricks, 148, 149 
Mortise-and-tenon joints, 286 
Mullion, 264 
Multiplication, 3, 4 


N 


n, Values of, in reinforced 
concrete, 156 
Nails, Quantities of, re- 
quired, 323, 339 
Natcoflor system, 182 
Neutral axis, 103 
Non-staining cement, 135 
Novelty siding, 2 
Numerator, 2 


oO 
Open valley, 316 
Outside casing, 264 
door in frame wall, 290 
door in masonry wall, 290 
finish, 274 
plastering, or stucco, 222 
Overhead and profit, 328 


P 
Painting, Cost of, 365 
Estimating, 363 
tin roofs, 320 
Panel back, 300 
Panel, Raised, 290 
Paper, Sheathing, 274 
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Papering, Cost of, 367 
Estimating, 367 

Parallelogram, 44 

Parallelogram of forces, 81 

Parallelopiped, 47 

Partitions, Fireproof, 183 
Gypsum, 183 
Solid plaster, 184 
Structural clay tile, 184 
Supporting, 238 

Paving brick, 143 

Perimeters of round and 

square bars, 155 

Piazzas, Porches and, 279 

Picture molding, 300 

Pilaster casings, 295 

Piles, 174 

Pitch of roofs, 253 

Placing concrete, 125 

Plaster, Brown coat of, 218 
Caen stone finish, 221 
cornices, Running of, 219 
Cost of, 357 
Estimating, S50 
Finishing coat of, 220 
fireproofing for columns, 


fireproofing for girders, 
188 
Plaster, 
Gypsum, 215 


Hair for, 215 
Keene’s cement, 221 
lath, 214 
Lime, 217 
materials, 215 
Mixing, 217 
of Paris, 216 
Ornamental, 221 
Outside, 222 
partitions, Solid, 184 
Sand finish of, 220 
Scratch coat of, 217 
Skim coat of, 220 
Two-coat work in, 220 
White coat of, 220 
Plastering, 208 
Plate glass, 272 
Plinth blocks, 298 
Plumbing, Cost of, 367 
Pocket for weight in win- 
dow, 264 


Polygon of forces, 82 
Polygons, Regular, 44 
Porches and Piazzas, 279 
Portland cement, 120, 148 
Posts, Corner, 235, 243 
Prism, 47, 48 
Prism glass, 274 
Prismoid, 49 
Profit, Overhead and, 328 
Promenade tiles, 325 
Proportioning concrete, 122- 
124 


Purlins, 310 
Pyramid, 48 


Quantities of materials for 
concrete, 124 

Quarter sawing, 232 

Quicklime, 129 


R 


Rabbeted siding, 275 
Radius of gyration, 94 
Raters Cheek cut for, 258, 


Common, 257, 306, 311 
Hip 125992508, olL 
Rafters, 

Jack, 258, 309, 312 

Lengths and cuts of com- 
mon, 257 

Lengths and cuts of hip- 
and-valley, 258 

Lengths and cuts of jack, 
258 


Profiling curved hip and 
jack, 259 
Ridge, 257 
Valley, 258, 308, 309 
Reactions of beams, 94, 95 
Ready roofing, 314 
Reciprocals, 12 
Rectangle, 44 
Regular polygons, 44 
Reinforced concrete beams, 
156-167 
columns, 167-170 
floors, 179 
slabs, 156-167 
Weight of, 155 
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Reinforcement, 
154, 155 
in beams, 157-163 
in columns, 167-170 
Web, 162, 163 
Resisting moment, 103 
Resolution of forces, 80-86 
Ribbon, 245 
Ridge rafters, 257 
Ring, 45, 49 
Rolled glass, Figured, 273 
Roof boards, 310 
framing, 253 
framing, Steel square in, 
305 
mensuration, 49 
Octagonal, 311 
Pitch of, 253 
trusses, Stresses in, 113- 
11 


Bars for, 


Roofing, Area covered by a 
box of tin plates, 318 
Asbestos shingle, 326, 349 
Built-up, 313, 353 
Canvas, 326, 352 
Cement tile, 326 
Copper, 321 
Roofing, 
Cost of asbestos shingle, 
350 
Cost of asphalt shingle, 
349 


Cost of canvas, 352 
Cost of built-up or com- 
position, 353 

Cost of slate, 350 
Cost of tile, 351 
Cost of tin, 351 
Estimating, 327 
Flat-seam tin, 319 
Maintenance of tin, 321 
Painting tin, 320 
Ready, 314 
Shingles required for, 315 
Slate, 322 
Standing-seam tin, 319 
Tile, 325 
Tin, 317 

Roofs, Fireproof, 183 
Types of, 255 

Roots of numbers, Cube, 9 
Square,, 8 


Rubble masonry, 132 
Rupture, Modulus of, 76 


$s 
Sand finish of plaster, 220 
in concrete, 121 
Sandstone, 128 
Sash, Storm, 269 
Sawing, Quarter and bas- 


tard, 232 
Scratch coat of plastering, 
21:7 


Screeds, Base, 210 
Plaster, 218 
Screeding, 219 
Screens, 268 
Section Modulus, 93 
Sector, 
Segment, 46 
Shear in beams, 97 
Shearing unit stress in 
beams, 105, 159 
Sheathing, Estimating, 337 
paper, 274 
Types of, 238 
Sheet copper, Gage, thick- 
ness and weight of, 321 
glass, 272 
Sheet-metal roofs, 317 


piling, 174 
-steel centers, System 
with, 181 


Shingles, Asbestos, 326, 349 
Asphalt, 348 
Cost of, 348 
Gage of, 315 
Laying, 276 
Methods of laying, 314 
required for roofing, 315 
Shrinkage of, Provision 
for, 251 
Table of, 230 
Shutters, Blinds and, 258 
Side-construction hollow-tile 
arch, 175 
Sidewalks, Concrete, 205 
Siding, Beveled, 275 
Drop, 275 
Estimating, 337 
Novelty, 275 
Rabbeted, 275 
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Sill, Base, 234 

Window, 261 
- Sizing, 237 

-Skim coat of plaster, 220 
Slabs, Reinforced-concrete, 


156 
Slaking lime, 130 
Slate, Cost of laying, 350 
Laying, 325 
Nails required in, 323 
Bene of, 322 
uantity of, per square 
of roof, 323 
roofs, 322 
Sizes of, 323 


Weight of, per 
foot, 324 
Slenderness rario. <ot 


columns, 108 
Sliding doors, 292 
Slump test for concrete, 123 
Snow loads, 73 
aoe, Measurement of, 87- 


8 

Spanish tile, 322 
Specific gravity, 65 
Sphere, 49 
Spiral columns, 167-170 
Spread footings, 172-174 
. Square measure, 34 

root, 8 

Steel, 302 
Squares of numbers, 10 
Staff bead, 290 
Stairs, Estimating, 347 
Standing-seam tin roof, 319 
Steel, Allowable stresses in, 


78. 80 
beams, 105-108 
square, 302 
columns, 109 
poe in roof framing, 


30 
Stone, Finishes for, 136 
for masonry, Selecting, 
128 
masonry, 127 
masonry, Classes of, 132 
i masonry, Strength of, 78 
Stonework, Estimating, 328 
Notes on, 142 
Storm sash, 269 


square 


Stress diagram, 114-119 
Stresses, Allowable, in steel, 
78-80 


in beams, 103-105 

in roof trusses, 113-119 
Strips, Weather, 271 
Structural clay tile, 152 
Stucco, 222, 361 
Studs, 243, 336 
Subtraction, 3, 4 
Surveyor’s measure, 34 
Sylvester’s process, 208 


T 


Tail beams, 236 
T-beams, 165 
Termite control, 246 
Terra cotta, Architectural, 
149 
Tile construction, Hollow 
(see Hollow tile) 
Tiles, Cement roofing, 325 
Glass, 325 
Tiles, 
Promenade, 325 
Spanish, 325 
Tiling, Copper, 322 
Timber beams, 105-108 
columns, 110-112 
Imperfections in, 231 
Qualities of, 230 
Selecting, 231 
Sizes of, 107 
Tin plates, Roof area cov- 
ered by a box of, 318 
roof, Flat-seam, 318, 319 
roof, Maintenance of, 321 
roof, Standing-seam, 319 
roof, 317 
roofs, Cost of, 351 
roofs, Painting, 320 
Trap, Ash, 204 
Trapezium, 44 
Trapezoid, 44 
Triangle, 43 
Triangle of forces, 82 
Trim, 295 
Trimmers, 236 
Troy weight, 35 
Trusses, Stresses 
113-119 


in roof, 
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Two-coat work in plaster- 
ing, 220 


MN 


Valley, Close, 316 
Open, 316 
rafters, 258, 308, 309 
Veneered buildings, 194 
Volumes of solids, 47-49 


w 
Wainscoting, 299 
Wall-boxes, 249 
Walls (see Hollow-tile) 
Water-cement-ratio law, 122 
Water for concrete, 121 
Water-table, 274 
Waterproofing walls, 206 
Weather strips, 271 
eee reinforcement, 162, 


Wedge, 49 
Weights and measures, 34- 
40 


eee aoa construction, 
24 
White coat of plaster, 220 
Whitewashing, 224 4 
Wind loads, 73-75 
Windows, Area of, 259 
Casement, 269 
Cellar, 260 
Construction of, 260, 26), 
Design of, 260 
Double-hung, 262 
French, 269 
Parts of; 261 
Wire glass, 274 
Wood beams, 105-108 
columns, 110-112 
floor joists on hollow-tile 
walls, 192 
framing, 234 
grounds, 210 


lath, 212 
piles, 174 
Woods, Relative hardness 


of American, 229 
Shrinkage of, 229 
used in buildings, 225 
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